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Identification and evaluation of nitrogen nutrition efficiency in rapeseed germplasm at seedling stage
70U Xiao —yun'?, LIU Bao —lin*, SONG Lai — giang', GUAN Chun — yun®*
(1. Institute of Crops /Key Laboratory of Oil Crops, Jiangxi Academy of Agricultural Sciences, Nanchang 330200, China;
2. Oilseed Crops Institute / National Oil Crops Improvement Center,
Hunan Agricultural University, Changsha 410128, China)

Abstract: To establish an efficient identification and evaluation method of rapeseed nitrogen nutrition efficien-
cy, greenhouse pot experiment was conducted using 75 germplasm accessions under 3 nitrogen levels in soil (0.05,
0.2, 0.3 g/kg). 15 seedling traits were measured to assess variations of nitrogen nutrition efficiencies including ni-
trogen absorption efficiency (NAE) and nitrogen utilization efficiency (NUE). Results showed that the sensitivity
of different traits to different nitrogen levels was different. Genetic variations of root surface area under different ni-
trogen treatments were the greatest. Under low nitrogen stress, the differences increased among the accessions. Ni-
trogen nutrition efficiency of rapeseed genotypes at seedling stage showed significant difference. Distribution pat-
terns showed that both high and low efficiency materials were rare. Low nitrogen treatment (0. 05 g/kg) was the
best nitrogen application for identification and evaluation on NAE at seedling stage. The indirect indexes were
aboveground plant dry weight and root — shoot rate. High nitrogen treatment (0.3 g/kg) was the best nitrogen ap-
plication for identification and evaluation on NUE at rapeseed seedling stage. The indirect index was aboveground
plant dry weight.

Key words :rapeseed ( Brassica napus L. ) ; germplasm; nitrogen nutrition efficiency ; nitrogen absorption effi-

ciency; nitrogen utilization efficiency; identification and evaluation
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Table 1 Types of rapeseed germplasm in this experiment

EoRe) s A KR 9 it Al P 3
No. Germplasm Type Source No. Germplasm Type Source
1 HEF|F i Shengliqinggeng 24313 Winter |3 Shanghai | 39 A3 14 Y& Huayou 14 xuan  Z&il1Z¥ Winter VTP Jiangxi
2 F1XL 9 5 Zhongshuang 9 KIS Winter L Hubei 40 Marnoo FihZE Spring {%uj:[zjhﬂf
3 F1 X 4 5 Zhongshuang 4 £3H3K% Winter 14t Hubei 41 Rioklas FhZE Spring  EXPH European
4 il 14 5 Qingyou 14 FIMZE Spring  FH i Qinghai 42 Ning RS -1 ZH3E Winter VL7 Jiangsu
5 Hh 5 5 Ganyou 5 L3H3E Winter 54t Hubei 43 Wil 7 5 Zheyou 7 L MZE Winter  #77L Zhejiang
6 H1XL 7 5 Zhongshuang 7 LM3€ Winter {54t Hubei 44 WA 2 5 Xiangnongyou 2 & 3l5E Winter i Hunan
7 F1 XL 6 5 Zhongshuang 6 £3H3K% Winter 14t Hubei 45 Elan £3h3% Winter 7% German
8 T 10 5 Ningyou 10 Z93E Winter VT Jiangsu 46 Talent ZM3E Winter  fZ[E German
9 Bullet FIE Spring N K Canada|| 47 Bakow LIH3E Winter I 2% Poland
10 #7728 Zheyou 28 £33 Winter  #iVT Zhejiang || 48 Bienvenu £3h3E Winter 3 [E France
11 BHS%: 2009 Yangguang 2009 &2 Winter 14t Hubei 49 Bolko £3h3% Winter %% Poland
12 %3l 17 Ganyou 17 ZH3E Winter  VLPY Jiangxi 50 Jet — Neuf £3h3% Winter 5 [E German
13 H.32 010 Hufeng 010 FISE Spring  FHfE Qinghai 51 Jupiter LIH3E Winter  Figit Sweden
14 Comet FIMZE Spring 17 Denmark || 52 Majar Z3h3E Winter 3 [E France
15 471 15 Jinyou 15 ZM3E Winter  PYJI| Sichuan 53 Matador LIHSE Winter Bl Sweden
16 Surpass 440 FIMZE Spring %ﬁﬂg 54 Panter £3h3E Winter  Hij#it Sweden
17 W3 11 5 Xiangyou 11 A 3% Winter  {§] Hunan 55 Quinta A 3% Winter  f#[E German
18 V3 2 5 Xunyou 2 A 3% Winter  VLVG Jiangxi 56 Bin270 LM Winter {5 #§ Hunan
19 75 1 5 Xiuyou 1 LZAHSE Winter  VLPY Jiangxi 57 R210 LZAMZE Winter  VLPY Jiangxi
20 Westar LZHSE Winter  Jill&2 K Canada|| 58 7717l 21 Huyou 21 KM Winter |7 Shanghai
21 ¥4 9 Qian 9 LM3€ Winter  5JH Guizhou 59 721 A3 Winter VPG Jiangxi
22 % 8 % Shaan 8 xuan A3 Winter  YLPY Jiangxi 60 JL-3H 50 Huiyou 50 LM Winter | Shanghai
23 #% 023 Huang 023 ZAHSE Winter  VLPY Jiangxi 61 £ 5 5 Huashuang 5 Az Winter 14t Hubei
24 B4 12 2 Ganyou 12 A3E Winter VLG Jiangxi || 62 {#fiZ%il 6 5 Xiangzayou 6 A3 Winter R Hunan
25 H17H 821 Zhongyou 821 LM3€ Winter {5t Hubei 63 [27 730 Fengyou 730 £3h3E Winter 4 Hunan
26 LI 4 5 Huashuang 4 A= Winter 14t Hubei 64 B2 5 5 Ganyouza 5 LM Winter  VLPY Jiangxi
27 #3925 Yuyou 2 LHSE Winter 70§ Henan 65 HAF9 5 Youyan 9 23h3% Winter 5| Guizhou
28 Vi 18 5 Huyou 18 A h=E Winter ¥ Shanghai | 66 £l Z% 62 Huayouza 62 LM3E Winter 514t Hubei
29 WY 15 5 Xiangyou 15 LMsE Winter 51§ Hunan 67 ZZ{I 7 5 Qinyou 7 £3h3E Winter PP Shaanxi
30 T 16 5 Ningyou 16 A3 Winter VL7 Jiangsu 68 H242 5 Qingza 2 FIMZE Spring  FHE Qinghai
31 WixL 6 5 Zheshuang 6 ZH3E Winter  #i7L Zhejiang || 69 H4 5 Qingza 4 FIZE Spring  FHi Qinghai
32 Monty FME Spring ?j&@lﬁﬂ:g 70 H245 5 Qingza 5 Fil3E Spring T Qinghai
33 Zih 1 5 Qinyou 1 LM Winter PP Shaanxi 71 H2 75 Qingza 7 FHIh3E Spring I Qinghai
34 Z29h 3 5 Qinyou 3 Az Winter [P Shaanxi 72 Granit F M Spring  EXPH European
35 B 11 5 Zhongshuang 11 Z&Jl15% Winter 14t Hubei 73 FiilZ% 2 5 Zhongyouza 2 L3R Winter it Hubei
36 Altex FIh3E Spring &K Canada| 74 H2% 10 5 Qingza 10 FZE Spring  FHi# Qinghai
37 Bronowski FRIMZE Spring 2% Poland || 75 SY116 ZM3E Winter it Hubei
38 Erra FIMZE Spring  {%[E German
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R2 ARRAKETHXEHRZRKE (NAE) FimEFI FARZE (NUE) WEEB T
Table 2 Genotypic variations of nitrogen absorption efficiency ( NAE)
and nitrogen utilization efficiency (NUE) at seedling stage

pyres AT WA YN T T WEE  BRAK
NNE N application level/ (g/kg) Max Min Range Mean SD CV/%
0.05 40.91 15.78 25.13 31.11aA 6.57 21.12
NAE/% 0.2 38.27 15.36 22.91 28.07bAB 4.76 16.95
0.3 33.46 15.1 18.36 24.92¢C 3.84 15.41
NUE 0.05 26.48 16.13 10.35 20.55aA 2.38 11.57
/(8 8x) 0.2 24.29 15.04 9.25 19.01aA 2.14 11.26
0.3 22.15 13.05 9.1 17. 10bAB 2.05 12.01
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e g SPAD 2 1 53 84 e R > 5835 - 28000 56 ARG ;7 - B Rf 1 ff o 5 8 . FAARAREE 5,0 BApRMb T8 10 BARRAR T8
11 AR 5 12 BARRARAAR ;13 BARRAR R 11 B 514 . NAE ;15 NUE. LN IK% 0. 02g/kg; MN: & 0. 2¢/kg; HN: =% 0. 3g/kg, Rl
Note:1:Leaf SPAD; 2 Plant height; 3: Number of green leaves; 4 Leaf length x leaf width; 5: Basal stem diameter; 6: Root length; 7: Shoot fresh
weight; 8:Root fresh weight; 9:Shoot dry weight; 10: Root dry weight; 11:Root — shoot rate; 12:Root volume; 13: Root surface area; 14:NAE; 15.

NUE; LN:0.02g/kg; MN:0.2g/kg; HN:0.3g/kg. Same as below
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Fig.1 Variation of traits among rapeseed gerplasm at seedling stage
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Fig.2 Sensitivity of seedling traits to additonal nitrogen in rapeseed germplasms
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Table 3 Classification standards and number of each type for NNE in rapeseed at seedling stage
EpIES Ab 3 A R R RRRT = il 5140 5
NNE Treatment Type and standard No. Code of type Serial number
L (x<X=-Uj, *S) 13 L-L 57,56,61,70,51,35,54,68,38,64,8,47,67
KA LN M (X-Uj, *S=x=X+Uj, *8) 57 -M bR H 3552 The rest ones
H (x> X+Uj, *8S) L-H 2,22,4,34,29,32
L (x<X=-Uy, *S) M-L 57,61,56,70,35,59
NAE 1 MN M (X-Uy,*S=x=X+U;, *8S) 59 M-M KFr H 32 The rest ones
H (x> X+Uj, *S) 10 M-H 33,72,6,4,22,26,29,75,32,7
L (x<X-Uy, *8S) 4 H-L 57,56,35,61
=A HN M(X-Uj,*S=x=X+Uj, *9) 62 H-M HFr ) JE The rest ones
H (x> X+Up, *9) H-H 12,6,72,75,30,9,33,25,32
L (x<X-Uy, *8S) L-L 40,59,49,72,58,70,41
k%A LN M (X-Uj,*S=x=X+Uj, *S) 60 L-M Aehr Hy i35 2 The rest ones
H (x> X+Uy, *9) L-H 19,1,35,5,15,23,3,16
L (x<X=-Uj, *S) 6 M-L 59,49,72,41,60,40
NUE F1%5, MN M (X-U0y, *S=x=X+Uj, *S) 61 M-M Fehr 35 /& The rest ones
H (x> X+Uj, *8S) M-H 29,20,19,9,15,23,35,16
L (x<X=-Uy, *S) 6 H-L 59,72,49,60,40,75
A HN M (X-Uj,*S=x=X+Up, *S) 62 H-M ARAp i Ay 44 52 The rest ones
H (x> X+Uy, *9S) 7 H-H 11,19,29,3,15,23,16

T x N EPRE, X APTA SAFIME S biiE 2, Up s b a= 0.2 I UM (IESR2EME) o = RAUNSHTI R LM 0 H 205 2R A
FhRCRI S RAL B, JE A LMD H 2 s BRSSP AR A AL

Note: x for actual value, X for mean value of all varieties, S for standard deviation, U , for U value when « =0.2,L,M and H in front of the type
code were in low nitrogen, medium nitrogen and high nitrogen treatment respectively, L, M and H at the back of the type code were low nitrogen nutrition

efficiency, medium nitrogen nutrition efficiency, and high nitrogen nutrition efficiency respectively

2.5 MEMBRHPREEFRTENEESITENM
2.5.1 REBCARAELEZTLHEMNIERGAHLT

ARV ACE T o00%E 75 A=A s A 13 e bk
P SRS R E IR ORI T R AR 5 7 B (3%
4) AR, WA TR RR B IR ORI R

PERNA—  TCIRAEM R KT, i R
Bt b S E A1 bR T E S NAE Al NUE $345 5]
A R IR AR G R R x B ARG LRR
ARAE | FABRAR T EL AT AR AR 5 NAE 355 B
R E IEASE . B SRR AT B, B



74

P E R R AR

2017,39(1)

PR E B ARk T E S NAE 22 8] (4 et
SRR 2535 NUE 22 [a] (A 26 5L R
fofas, FERHTE R ZEILML  BARR D b ff SR A AR S

E T AR R H R I FRAE AR IR T
B, BOR T

F4 HEEHERERERZEFNENEXRE

Table 4 Correlation coefficients of plant traits to nitrogen nutrition efficiency in rapeseed

Pk LN 0.05g/kg MN 0.2g/kg HN 0.3g/kg

Trait NAE NUE NAE NUE NAE NUE
I B SPAD Leaf SPAD 0.19 0.002 0.285* -0.016 0.207 0.034
T Plant height 0.557"* 0.510"* 0.453" 0.307 "~ 0.339" 0.369 " *
M- %% Number of green leaves 0.194 0.336"* -0.015 0.073 0.296 " * 0.092
kMK x 5 Leaf length x leaf width 0.570 " * 0.448 " * 0.266 * 0.202 0.317** 0.100
ZEHH Basal stem diameter 0.673** 0.444 %~ 0.322** 0.380* * 0.326"* 0.371**
FHRA Root length 0.261* 0.230* 0.255* 0.015 0.284* -0.117
Yifkdh | & F Shoot fresh weight 0.653** 0.548** 0.614** 0.276* 0.463 " * 0.378**
HRRHEETE Root fresh weight 0.531** 0.517"* 0.243* 0.151 0.278* 0.146
Bkt T8 Shoot dry weight 0.886** 0.581** 0.828** 0.535** 0.763** 0.561**
BRRM T E Root dry weight 0.563"* 0.536** 0.347** 0.13 0.383** 0.236"
HL5&E . Root — Shoot rate -0.066 0.242* -0.192 -0.204 -0.087 -0.071
HRRAAT Root volume 0.483** 0.433** 0.369** 0.246 " 0.299** 0.199
BAREME 26 1 FX Root surface area 0.222 0.202 0.049 0.13 0.027 -0.055

TE: =76 5% KFTFRE, « =76 1% KF T RH
Note; * significant at 5% level, * # significant at 1% level
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Table 5 Stepwise regression between plant traits and NAE of rapeseed at seedling stage
b3 R Ak (Bl 1 77 7 P A [ 051 2R %50 YLE AR
Treatment Model Selected dependent Regression equation Standardized coefficients R?
LN 1 ﬁﬁeﬂﬁi_ﬂ'ﬁi(x‘)) Y =8.518 +12.463X, B(X,) =0.886 0.785
Shoot dry weight per plant
N . bl T E(Xo) Y =8.497 +6.492X, B(X,) =0.828 0.769
Shoot dry weight per plant
1 bk A Iiﬂ:i(xw Y =9.413 +4.301X, B(X,) =0.763 0.580
Shoot dry weight per plant
HN Bk BT E(X)
Shoot dry weight per plant _ B(Xy) =0.737
2 FRE (X)) Y =6.730 +4. 154X, +0. 195X, B(X,) =0.173 0.612

Root length
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Table 6 Stepwise regress between plant traits and NUE of rapeseed at seedling stage

b3 i A AL Il U177 e N AT OVEES P AR
Treatment Model Selected dependent Regression equation Standardized coefficients R?
) bR TR (X)) Y =15. 180 +2. 960X, B (Xy) =0.581 0.338
Shoot dry weight per plant
N bt ETE(X,)
’ Shoot dry weight per plant B (Xy) =0.573
2 o Y =13.598 +2.915X, +0.195X 0.386
ML (X)) ’ = B (X,,) =0.219
Root shoot ratio
MN 1 $*’kﬂﬂLTE(X") Y =13.316 +1. 889X, B (X,) =0.535 0.287
Shoot dry weight per plant
: bR TR (X)) Y =11.005 + 1. 690X, B (X,) =0.561 0.314
Shoot dry weight per plant
N bl EFE(X,)
Shoot dry weight per plant _ B (Xy) =0.592
2 N . Y =12.712 +1.784X, -0. 124X, 0.356
FARK(X,) ’ o B (X,) = -0.206
Root length
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Table 7 Correct percentage of discriminant on cluster analysis on plant traits of expressing NAE and NUE

NAE NUE

Jasay R ERE RN T Btk XI5 EER RN Pk X553

Treatment Independent together Stepwise method Independent together Stepwise method
MR TR ES ABETER MRV RS MRV RS ABEPER N R e

Correct percentage/ % Included traits ~ Correct percentage/% Correct percentage/ % Included traits ~ Correct percentage/%

KA LN 93.3 (81.3) 9,11 92.0 (88.0) 86.7 (77.3) 9,6 82.7 (80.0)
P& MN 88.0 (76.0) 9 82.7 (82.7) 86.0 (72.0) 9 80.0 (76.0)
% HN 90.7 (81.3) 9 85.3 (85.3) 88.0 (76.0) 9 82.7 (81.3)

T (1) 46 S AN UG Bl TR0 7T 20 35 (2) 155 T2 S SURIE TE A 7 328

Notes: (1) The number outside bracket is original grouped cases correctly classified; (2) The number in bracket is cross — validated grouped cases

correctly classified
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