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Identification and evaluation of nitrogen nutrition efficiency in rapeseed germplasms
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Abstract: To establish an efficient identification and evaluation method of rapeseed nitrogen nutrition efficien-
cy. A field experiment was conducted using 416 germplasm accessions under 3 nitrogen levels (45,180 ,270kg/
hm®). 15 traits were measured to assess variations of nitrogen nutrition efficiencies including nitrogen absorption ef-
ficiency (NAE) , nitrogen utilization efficiency (NUE) and nitrogen harvest index ( NHI). The sensitivity of differ-
ent traits to different nitrogen levels was different. Genetic variations of effective branch number under low nitrogen
treatments (45kg/hm”) were the greatest, genetic variations of seed weight per plant under low nitrogen treatments
(45kg/hm*) were the second greatest. Genetic variations of seed weight per plant under medium nitrogen (180kg/
hm®) and high nitrogen (270kg/hm” ) treatments were the greatest. Under low nitrogen stress, the differences in-
creased among the accessions. Nitrogen nutrition efficiency of rapeseed genotypes at maturity stage existed signifi-
cant difference. Distribution patterns showed that both high and low efficiency materials were few. Low nitrogen

treatment (45kg/hm’) was the best nitrogen application of identification and evaluation on NAE at maturity stage.
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The indirect indexes were seed weight per plant, aboveground plant dry weight and plant height. High nitrogen

treatment (270kg/hm’) was the best nitrogen application for identification and evaluation on NUE at rapeseed ma-

turity stage. The indirect indexes was aboveground plant dry weight, effective branch number, seed weight per

plant and seed number per pod. Low nitrogen treatment (45kg/hm®) was the best nitrogen application for identifi-

cation and evaluation on NHI at maturity stage. The indirect indexes were seed weight per plant, aboveground plant

dry weight and basal stem diameter.

Key words : Rapeseed ( Brassica napus L. ); germplasm; nitrogen nutrition efficiency; plant seed weight,

aboveground dry weight; basal stem diameter
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Table 1 Rapeseed germplasm in this experiment

"5 Code Z % Germplasm "5 Code £ Germplasm 5 Code £ Germplasm
1 7633 56 75 1 5 Xiuyou 1 111 #4312 5 Mianyou 12
2 il 87HO You 87HO 57 03 22716 03 Za 716 112 EZY218
3 Sh0601 58 1 6614 Yang 6614 113 23 15 5 Mianyou 15
4 FMAL 113 Xiangyou 113 59 K565 114 07 -C-30
5 9818 60 023 Gui 023 115 M52 i 22 5 Wanyou 22
6 BB 1 5 Yuexinyou 1 61 2% 839 Za 839 116 03 —-20F3
7 surpass 440 62 Bolko 117 el 23 5 Wanyou 23
8 FIE 112 Xiangyou 112 63 HH# 1 Yichungan 1 118 26711
9 # 023 Huang 023 64 Hi61 119 i 1 5 Huyou 1
10 ih4E 378 Jinghua 378 65 B351 120 036 - 38
11 R513 66 k2% /R Milanbaier 121 Y13l 15 5 Huyou 15
12 Wil 21 Zheyou 21 67 HO4 -4 -7 122 722 528 Xiwang 528
13 06NHO05 68 Westar 123 501
14 Hy6648 69 DHO815 124 V1l 18 5 Huyou 18
15 721 70 423 Qian 23 125 86002
16 #7814 Deyou 7814 71 105 126 #1375 Guiyou 7
17 2105 72 GRANIT 127 8223
18 [ Z i 999 Longzayou 999 73 Y7 1 5 Youfang 1 128 49 12 5 Qianyou 12
19 R210 74 JU:FI| 3548 Shengliqinggen 129 (8520
20 JG518 75 1FZ% 01 Zhenga 01 130 $AYM 14 5 Qianyou 14
21 i 99 Longyou 99 76 Hil 5 5 Ganyou 5 131 5103
22 2006 - 6159 77 H9948 132 3l 17 5 Qianyou 17
23 ZZ M 1 5 Xintianyou 1 78 JI13 1 5 Chuanyou 1 133 98D18
24 H9951 79 Zz2=3h 3 5 Qinzayou 3 134 & F15 Shilifeng
25 #w B 106 Xiwang 106 80 P Erxida 135 0811
26 H9958 81 9818 136 =17 605 Gaoyou 605
27 % 8 Yangjian 8 82 Wi 8 Zhe 8 137 77 10 5 Ningyou 10
28 EZY9 -4 83 2000 -5 138 T 12 5 Ningyou 12
29 H0202 84 WG 2 5 Ganliangyou 2 139 Z3h 59 Zayou 59
30 5698 85 HkF 638 Guizi 638 140 5l 14 Ningyou 14
31 2% 695 Za 695 86 HO0302 141 61527
32 7108 87 JI3 11 5+ Chuanyou 11 142 T 16 5 Ningyou 16
33 06 2% 996 06 Za 996 88 Tl 288 Youyan 288 143 % 2B Shaan 2B
34 repceSR -1 89 %90 12 5 Ganyou 12 144 722 98 Xiwang 98
35 WA 1707 Youyan 1707 90 =4t 98 Sanbei 98 145 DCD -1
36 H52 91 Kt 3 5 Tianyouza 3 146 ¥l 6 & Yangyou 6
37 0112 92 98D -9 147 Wifl; 668 Liangyou 668
38 H1X 2 5 Zhongshuang 2 93 32 1L17H3E Tangshanyoucai 148 Fih 3 5 Suyou 3
39 033 -118 94 99 7% 06 99 Za 06 149 7L 8 5 Huaza
40 Wi 11 5 Xiangyou 11 95 Erglu 150 #iXL 6 5+ Zheshuang 6
41 EYZ06 - 14 96 222015 Za 2015 151 6% 11 5 Huaza 11
42 Bt 416 Gui 416 97 2K A Jianchangjiao 152 WiAL 72 Zheshuang 72
43 H9953 98 72 568 Xiwang 568 153 4E7% 14 5 Huaza 14
44 H165 99 Vi1 16 Huyou 16 154 F XL 6303 Zhongshuang 6303
45 K426 100 2011 155 069 -1
46 Oro 101 178 821 Zhongyou 821 156 Hi XL 4 5 Zhongshuang 4
47 HO0433 102 H9945 157 174R
48 1 352 Gui 352 103 £ 4 5 Huashuang 4 158 09118
49 6788 104 HO02 -21 159 XL 6 5 Zhongshuang 6
50 Ceres 105 XL 5 5 Huashuang 5 160 HiXL 7 %5 Zhongshuang 7
51 5730 105 202 —13 Yiza 02 - 13 161 WWF 7 5 Youyan 7
52 773l 2 5 Xunyou 2 107 #h 2 5 Yuyou 2 162 XYL 8 5 Zhongshuang 8
53 JlZL 4 5 Huyouza 4 108 HY4 163 WA 8 5 Youyan 8
54 #9h 3 5 Ganyou 3 109 5 5 Yuyou 5 164 €926
55 T1839 110 DH1302 165 FXX 10 5 Zhongshuang 10
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45 Code £ Germplasm 415 Code £ Germplasm 415 Code £ Germplasm

166 £t 1 5 Huaxie 1 221 H44 4 5 Guiza 4 276 Bakow
167 K805 222 Conzuul 277 Ning RS -1
168 Him 14 = Qingyou 14 223 2390 X 5 Lvyou X 278 Bienvenu
169 #2425 Guiza 2 224 D. ARoll 279 Wil 7 5 Zheyou 7
170 [f3 2 Longyou 2 225 ZhenYou — 1 280 %7 Jian 7
171 6-22 226 Dac — chosen 281 4E31 3 5 Huayou 3
172 Z&9h 8 & Qinyou 8 227 3|1 Yin 1 282 Brutor
173 Kb 16 Dadi 16 228 [i]4% 03 Xiangnong 03 283 4E3H 5 5 Huayou 5
174 Z& 1 5 Qinyou 1 229 Bin270 284 Casino
175 Fl%ih 868 Heshengyou 868 230 4= 1 5 Chifeng 1 285 1E3H 6 5 Huayou 6
176 i 8 5% Shaanyou 8 xuan 231 #5925 Ganyou 2 286 53 1 5 Fuyou 1
177 Fih 9 5 Fengyou 9 232 5 5 Ganyou 5 287 Coma
178 J114 3l 3 5 Chuannongyou 3 233 0022 288 WA 2 5 Xiangnongyou 2
179 W 13 5 Xiangyou 3 234 #9014 5 Ganyou 14 289 D -083
180 168 —12 De 68 —12 235 Wil 3 5 Zheyouyou 3 290 1E3h 16 Huayou 16
181 KA 1 5 Tianheyou 1 236 Globa 291 Doral
182 09 - 4226 09 - chong 26 237 247 588 Xingyou 588 292 Jet = Neuf
183 4231 2790 Huayou 2790 238 ¥4 9 Qian 9 293 Jupiter
184 H1717 239 HOO1 294 Siertra
185 Bullet 240 GULLR 295 Liradouna
186 050149 241 CYZ0910 296 Lisritta
187 NI 4[ 3 N1Zou 3 242 4E3 11 Huayou 11 297 Literavo
188 050288 243 K585 298 Majar
189 JE 5 5 Youwang 5 244 AE3ih 13 Huayou 13 299 Matadar
190 K586 245 T4 11 5 Ningza 11 300 NESTOR
191 471 15 Jinyou 15 246 1E3 14 Huayou 14 301 Punter
192 2% 8 5 Zhongyouz 8 247 82 302 Piadem
193 IRl 5 5 Leyou 5 248 4E3 2 Huayou 2 303 Quinta
194 06 -L-20Q 249 05 - PB3 304 WY 15 5 Xiangyou 15
195 J1l4 18 Chuanyou 18 250 1E3h 4 Huayou 4 305 €827
196 0590 251 AE3h 10 Huayou 10 306 W24 2 5 Longza 2
197 % Jp3ih 3 % Shulongyou 3 252 93 -216 307 2Rl 79 Zayou 79
198 fH3h 2% 10 5 Deyouza 10 253 Jiayou 1 308 %% 76 Shenguang 76
199 29 9 5 Mianyou 9 254 RCO6 —434 309 08 D04
200 4% 529 Za 529 255 Jiayou 3 310 08C18 -2
201 ‘i 13 5 Yiyou 3 256 722 508 Xiwang 508 311 %% 99 Shenguang 99
202 %) 86 Shenguang 86 257 Lirabon 312 co19
203 %4 488 Heyou 488 258 36P47 313 WA 999 Xiangnongyou 999
204 )1l 16 Chuanyou 16 259 Marnoo 314 1855 998 Deqi 998
205 JI]Z% NH352 Chuanza NH352 260 P7089 315 Dunkel
206 J113 33 Chuanyou 33 261 Nikas 316 7% 526 Za 526
207 T1588 262 86P48 317 Karoo
208 AEXL 1 5 Huashuang 1 263 Nilla 318 Pifl 669 Liangyou 669
209 H -9908 264 HXL 5 5 Zhongshuang 5 319 Grouse
210 Altex 265 Rioklas 320 GS99
211 %59 Za 59 266 Z&h 3 5 Qinyou 3 321 CENN
212 Alto 267 Rucabo 322 #5559 4 5 Deqiyou 4
213 F&3H 55 Heshengyou 55 268 FL.52 998 Zaofeng 998 323 Defender
214 Apomix 269 WA 3 5 Xiangnongyou 3 324 08 -6
215 Bronowski 270 alen 325 Sponsor
216 1 YLO50 You YLO50 271 telent 326 09 £%24 09 chong 24
217 #12%7iH 780 Xiangzayou 780 272 ECNN 327 Estrode
218 Cibrabra 273 AE XX 2 5 Huashuang 2 328 Agriculfure
219 #2210 5 Shuza 10 274 Apache 329 SY116
220 Comet 275 AEXL 3 5 Huashuang 3 330 NSW Agriculfure
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% Code 4% Germplasm Gt Code 4% Germplasm 4= Code 485 Germplasm

331 2005GZ -01 360 R210015 389 823 5 2 Deyou 5
332 Wikl 8 5 Zheshuang 8 361 R210016 390 MMAF9 = Youyan 9
333 tfiX 11 5 Zhongshuang 11 362 R210017 391 il Z% 12 2 Zhongyouza 12
334 56602 363 R210018 392 #2317 12 % Huaxiangyou 12
335 9l 2 B Fuyou 2 364 R210019 393 4531144 9 = Huayouza 9
336 Wit 6001 Zheyou 6001 365 R210020 394 #3301 1 5 Huaganyou 1
337 P6036 - 1 366 Erra 395 453 2% 13 2 Huayouza 13
338 3% 77 Shenguang 77 367 $L3 50 Huiyou 50 396 423 Z% 62 Huayouza 62
339 699 368 742 397 4531 Z% 14 2 Huayouza 14
340 #iith 28 Zheyou 28 369 24 158 Za 158 398 i 50 Youyan 50
341 FH% 2008 Yangguang 2008 370 H1XL 9 2 Zhongshuang 9 399 A7 % Qinyou 7
342 589 371 31 21 Huyou 21 400 £1Z431 5 5 Chuangzayou 5
343 7X089 372 1358 401 #Zih 2 B Xiangzayou 2
344 KT0601 373 #ihZ% 3 %5 Ganyouza 3 402 #2710 2 Rongyou 10
345 454ij 901 Huahang 901 374 M 7 1 5 Deyouzao 1 403 M4 1 5 Nanyouza 1
346 282081 375 HZ4Th 6 5 Xiangzayou 6 404 B 68 Nanyou 68
347 FH % 2009 Yangguang 2009 376 W24 743 Xiangzayou 743 405 242 5 Qingza 2
348 #iith 50 Zheyou 50 377 43 631 Xiangzayou 631 406 #2432 Qingza 3
349 HQZ - 09 378 =91l 520 Fengyou 520 407 2% 4 2 Qingza 4
350 #5h 17 Ganyou 17 379 ¥4l 8 5 Xunyou 8 408 H5 5 Qingza
351 3 17 Huyou 17 380 WiZ4il 1613 Xiangzayou 1613 409 FH447 5 Qingza 7
352 99B01 381 #4311 18 2 Qianyou 18 410 ‘H.7 010 Hufeng 010
353 s 744 Shilijia 382 JII3 21 Chuanyou 21 411 1y 2% 2 5 Zhongyouza 2
354 283B 383 =£7 730 Fengyou 730 412 27103
355 R210010 384 il 7% 2 5 Ganyouza 2 413 cd
356 R210011 385 2% 5 5 Ganyouza 5 414 67119
357 R210012 386 #IMZ% 1 5 Ganyouza | 415 NO 4J5 2 NO Zou 2
358 R210013 387 2911 5103 Fengyou 5103 416 Monty
359 R210014 388 1tk 56 Heyou 56
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Table 2 Genotypic variations of NAE( % ) ,NUE (gDW/gN) and NHI ( %) of rapeseed

EIES RAERT S UNIE] e/ ME W2z FHE b2 AR5 AL
NNE N level/ (kg/hm?) Max Min Range Mean S. D. CV/%
45 49.80 11.05 38.75 31.96 9.89 30.95
NAE 180 48.89 10.50 38.39 29.51 9.15 30.99
270 46.87 9.50 37.37 22.98 7.21 31.39
45 88.15 31.76 56.39 66.59 9.97 14.97
NUE 180 84.18 33.18 51.00 58.25 8.81 15.13
270 75.76 33.56 42.20 54.05 8.36 15.47
45 72.12 19.72 52.40 52.68 9.81 18.62
NHI 180 70.26 20.59 49.67 51.42 9.38 18.24
270 69.85 17.00 52.84 49.92 8.80 17.63
Note ; NNE ; nitrogen nutrition efficiency ; NAE ; nitrogen absorption efficiency ; NUE : nitrogen utilization efficiency ; NHI: nitrogen harvest index. Same as
below
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Note ; LN, MH,HN are low,medium and high nitrogen treatments respectively ;1 ; plant height;2 :branch height;3: effective branch number;4 ;length of the

main inflorescence ;5 ; pod number of the main inflorescence ;6 ; effective pod number per plant;7 : pod length ;8 :seed number per pod ;9 ;basal stem diame-
ter;10:1 000 — seed weight;11 :seed weight per plant;12 :aboveground dry weight per plant;13:NAE ;14 .NUE;15.NHI
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Fig.1 Variation of trait among rapeseed gerplasm
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Traits sensitivity to enhanced nitrogen

—_
(=) (=]
. L

1 2 3 4 5 6 7 8

2R AR 12 traits
T L MR 52 AR 33 S — KB R BG4 FAEF KBS &
TEFPFUREL 6 BRRR ARG T AR RE 18 - B RIR 9 2R 50H 5 10
TFORIE 11 BRRRPRL TR ;12 Bk T
Note:1: plant height; 2; branch height; 3 ; effective branch number; 4.

9 10 11 12

—_
o
L

length of the main inflorescence ;5 : pod number of the main inflorescence;
6 ; effective pod number per plant;7 :pod length ;8 :seed number per pod;
9:basal stem diameter; 10:1 000 — seed weight; 11: seed weight per
plant;12 :aboveground dry weight per plant
B2 ERMEEERI MR SRE
Fig.2 The sensitivity of maturity traits to enhanced
nitrogen in rapeseed germplasms
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RF R

®3 HEMRARRBHE (NAE) 957 EinE R &L RAE
Table 3 Classification standards and number of each type for NAE in rapeseed
fb P AT Kb R KBRS = AP 5
Treatment Type and standard Amount Type Serial number
19,229,355,359,358,323, 172, 140,32,30, 21,238,353,
231,282,23,222,292,294 87,148, 126,239,246, 107,284,
L (x<X-U,, xS) 55 L-L 134,226,317,85,62, 119,240,242, 54 321, 128,220, 152,
109,58,274,260,362,60,76,34 121,15 ,286,8 ,44 130,261 ,
5 256
TR M (XU xs=xX s Ua x9) 308 L-M AR Others
175,348,304 ,416,369,383,193,403,217,127,139,385,
290,86,402 ,340,135,20,94,22 414,413,283 ,1,11,65,77,
H (x> X+Uy, xS) 56 L-H 63,273,81,176,333,310,410,386,338,342, 155,354,347,
153,168,275,57,5,412,7,406,411,398 ,387 ,405 194,345 ,
157,329
226,355,19,229,107,109,8,130,172,21, 148 ,238 ,87,32,
60,261,74,36,30,134,321,44,242,317,358,68, 10, 222
L (x<X=Uy, xS) 52 ML ,261,74,36,30,134,321,44,242,317,358,68, 10,222,
323,357,34,105,356,115,17,296,82 95,23 ,80, 140,85 ,66,
119,72,220,136,76 255,128,218 ,58
=
Tﬁ M (X Uy, xS<x<X+Ug, xS) 319 M-M  RERUEIE Others
304,416,383,403,153,194,401,345,94,333, 135, 125,
< 1 149 ,2 2 40, 1 412,41 1,2
H (x> X+Ug, xS) 45 Mol 67,149,283 ,200,340, 100,389, ,415,385,5,391,203,
413,11,195,343,326,402,174,369,227,191,378,272,384,
404,275,266 ,86,208,373,338
358,317,130,107,10,229,19,105,80,32, 124,363,356,
L (x<X-Ug, xS) 38 H-L 85,109,82,30,8,321,279,238, 113,121,359, 115,89 240,
360,21,315,236,97,87,172 323,134 261 ,44
I;? M (X -Uy, xSsx<X+Uy, x9) 339 H-M Fehr 4 B2 2 Others
416,385,389,304,125,381,386,348,83,57,199,194 ,411,
H (x> X+U;,2x8) 39 H-H 403,414,29,22,349,383,378,392,326,5,16,345,48,178,

208,398,405 ,412,131,88,38,153,369,149,77 ,400

T x NP, X ONITA SR, S IARiEZE, U, o =0.2 IR U L(IESH M) o+ REUCSHITAY LM A H 235208 A H A
I AL B SR TG LM H 3 R RPN = 2. T

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

was in low nitrogen, medium nitrogen and high nitrogen treatment respectively,L.,M, and H at the back of the type code was low nitrogen nutrition effi-

ciency, medium nitrogen nutrition efficiency, and high nitrogen nutrition efficiency respectively. Same as below
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Table 4 The classification standards and number of each type for NUE in rapeseed
Ab3E I KA P KBRS « e ey
Treatment Type and standard Amount Type Serial number
19,15,72,62,4,242,8,121,60,109,2,10,82,248,6,93,
238,17,74,11 4,27, 1 222,321,54 212,267, 2
L (x<X-Uy, xS) 49 L1 38,17,74,115,64,27,187, ,321,54,58, ,267,263,
85,325,125,103,331,226,224,50, 315, 265,250,220,91,
101,255,25,107,240,271
G
LN M (X -Uj, xS<x<X+Uy, xS) 331 L-M Hobrth 372 Others
9,7,51,394,241,196,152,393 ,41,268,216,260,395,404 ,
H (x> X+Uj, xS) 36 L-H 1,20,339,402,401,75,310,245,43,281,397,45,206, 184,
254,77,396,398,256,42,13,308
224,15,72,8,93,10,119,222 236,62, 248 325,82, 109,
L (x<X-Upy, x8S) 5o M- 103,132,121,238,74,113,229,12,265,19,263,2,273,128,
’ 64,187,60,277,315,214,4,365,220,240,283,321,101,58,
P 250,95,107,242 ,255,366,27,91,271,368
TR
MN M (X - Uy, xS<sx<X+Ug, xS) 323 M-M RAR i Y442 Others
7,75,241,216,395,18,260,225,1,30,337,152 41,23 ,43 ,
H (x> X+Uj, x8S) 41 M-H 20,207,233,190,344,371,34,51, 122,264,206, 268,262,
394,165,14,228 ,247,65,36,204 ,414,205,16,310,88
10,222 ,93,224,74,15,109,72,62,17,19,70,121,82,212,
L (x<X-Up, xS) ” Hol 8,103,58,132,54,265,242,76,176,273,220, 64,218,214,
238,283,50,187,91,4,12,21,56,229,85,79,119,226,107,
. 128,95,80,101,115,136,353,331,2
1Ry &\
HN M (X =Up, xSsx<X+Uj, x5) 325 H-M RAR i Y4472 Others
190,341,167,395,287,397,320,9,245 65,391,219 ,254,
H (x> X+Uy, xS) 37 H-H 318,145 335,184,393 ,311,217,307 ,404 394,309,296 ,237 ,
310,413,396 ,400,329,43,407,235,39,297,401
x5 MFEMREEVIRIEE(NHL) 15 LR ER &R R
Table 5 Classification standards and number of each type for NHI in rapeseed
Ab3E B KA Fil oA ERMRS « A i 25
Treatment Type and standard Amount Type Serial number
15,103,293 ,238,3,236,261,355,229,353,226,240,212,
2 1 4,152,2 2,321,289,242 1 2,2
L (x<X-Uy, xS) 48 L-L 77,50,19,74,152,265,87,82,321,289, ,8,91,302,2,
85,10,248,25,6,109,202,107 ,54,292,93,227,187,17,294 ,
IR 64,62,304,274 133
N M (X Uy, xS<x<X+Up, xS) 342 L-M  FARH R Others
. 411,40,76,394,398,379,34,340,376,397,179,206,342,
H (x> X+10.2x$) 26 L-H 89,412,373,199,387,207,38 ,402,401,36,378,177,166
103,293,229 ,355,226,242,238,270,321,263,12,2,275,
< 3 3
L (x<X-Uy, xS) 50 M-L 93,19,289,300,85,271,15,353,227,8,267,224 187,82,
113,117,240,274,50,331,10,107,74,163,313,202,330,45,
. 17,212,299,328,273,158,236,265,58
TR
LN M (X - U, xS<x<X+Ug, x8) 327 M-M Abr i 222 Others
181,40,374,36,406,349,401,191 ,415,413,210,179,325,
H (x> X+U,, x8S) 39 M-H 34,400,343,410,195,412,402,38,170,335,350,347,404,
281,416,176 ,387,379,256,375,7,159,305,207 ,405 ,409
355,103,15,10,271,227,331,12,270,60,302,172,99,
274,17,212,2 282,323,82,22 242 1
L (x<X=Uy, xS) 45 HoL 74,17, ,28,3,282,323,82,229,93,87, ,85,19,6,
294,50,293,321,58,109,277,298,121,238,31,74,72,240,
300,163,304
e
I M (XU xS<xsXa Uy, xS) 328 H-M  SRBRH 3 Others
349,395,195,415,401,38,394,396,402,42,179,399,404,
H (x> X+Up, xS) 3 Hen 32,391,189,374,411,165,40,412,398 416, 135,393, 193,
34,381,397,378,36,370,379,177,281,312,406, 385,48,
197,320,371,375
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Table 6 Correlation coefficients of plant traits to nitrogen nutrition efficiency in rapeseed

PR LN MN HN
Traits NAE NUE NHI NAE NUE NHI NAE NUE NHI
B PH (X)) 0.500**  0.269** 0.336"* 0.633** 0.341** 0.328"* 0.603** 0.435**  0.246" "
SR BH(X, ) 0.108* 0.079 0.049 -0.018 0.038 0.02 -0.077 -0.078 0.038
PR
ﬁﬁgﬁﬁﬁﬁi) 0.573**  0.262**  0.280**  0.533**  0.373**  0.262** 0.520**  0.312**  0.238%*
FHFKE IMI(X,)  0.345° % 0.122* 0.248**  0.369"* 0.112* 0.319**  0.312**  0.209**  0.271**
FACTARE PMI(Xs) 0.316%*  0.07 0.271**  0.367** 0.169** 0.270** 0.351** 0.200** 0.189*"~
BARRARE EPP(X)  0.749% %  0.420%*  0.276**  0.701**  0.430**  0.243**  0.696**  0.448**  0.267**
RS PL(X;) 0.310**  0.254**  0.205** 0.258** 0.261** 0.205** 0.249** 0.206** 0.121*
BARESPP(Xg)  0.359**  0.274**  0.282**  0.311**  0.334**  0.324**  0.248**  0.311"*  0.299**
ZESLH BSD(X,) 0.511** 0.252** 0.352"* 0.532** 0.213** 0.435** 0.450** 0.205**  0.400"~
TRiE KSW(X,p)  0.087 0.076 0.190** 0.183**  0.077 0.208**  0.098" 0.041 0.158**
HMRFPRIEE SWPP(X,,) 0.892**  0.541**  0.591**  0.895**  0.472"* 0.583** 0.891** 0.502** 0.594**
%ﬁ@%&ff 0.901** 0.612** 0.377** 0.888"* 0.582** 0.323** 0.878**  0.595** 0.357**

E: * fES%KRFFRE, = = 76 1%KFTFR#E

Note; * significant at 5% level, #* = significant at 1% level. PH:plant height; BH;branch height; EB;effective branch number; LMI:length of the
main inflorescence; PMI: pod number of the main inflorescence ; EPP:effective pod number per plant; PL:pod length; SPP;seed number per pod; BSD:
basal stem diameter; KSW:1 000 — seed weight; SWPP:seed weight per plant; ADWP:aboveground dry weight per plant

TSR MR 5 NAE (NUE F1 NHI [)3% 45 [ )5
GERKIL, = AT Bk b T SRR AR A
KIEOH Il NAE FRRZ R i K, ISR 80T Bkt
S R NGRS A R SR G E Y RO RIS
NAE (M iR AR T Skt b5 Rk
FHNZEFA M SE NUE [ 52 mifok, 7 P AU T B

2.5.2 XEZ 54 )EA HAE NAE NUE Fl NHI
)5 G5 L, %) 12 AR AR AR AT R 5 40 A (3R
7) L EERERY]ARA T X 5 NAE, 345154
PARRFPRLE Bk T R i 1 i A I
A 53 RS IR TE ) [ 53 5 5500 NAE 245
WG BE e, 430 R 85. 6% F1 83.9% ;A T %

L1 e i QN R S S YA B R R I S TR ORI
NUE F5EM 5 K, 76 20 bkt b T 5 Bk FF
R R FRLEIOM I S NUE 2 m e K. AEIRAR
NRRRRL BBk M TR TR BRR A R AL
F ALK BN EE NHL (9 2 m ok, P A F 2
PRFPRLE SR T R SRR A R A
B T A8 KR I S NHT 4 52 e oK, 76 55 A
RS S A N R S e Rl N < I B YA ESI K52

FES AT NUE, (8] 3246 br o8 Bpk L b3 55—k
A BRI BAORORE AL B R AR e R
By 1 73 ORISR UE IR 1173 3 5 S8 NUE 226
ZERW S R, 73 0 82.9% A 82. 5% s ARA T
HE S NHL, [BHE SR bRk PRI E bk |-
FEMZEIHL T B I RO IE A 1 2355 Xk
TR 0 R 5 00 NHE RISEE W) 5 K fe e, 73
7 84.9% F183.4% |

PRI I3 NHI R0 K o
#7 XRUIRAE NAENUE #1 NHI [ H IR ITREDMERDHNERTHE

Table 7 Correct percentage of identification on cluster analysis on plant traits of expressing NAE, NUE and NHI

HEWWOLTR (NAE) RAEFMECEE (NUE) KAk % (NHT)

Nitrogen absorption efficiency Nitrogen use efficiency Nitrogen harvest index

o IrATER Bk A 57k EERER N kA5 EERERNX) Btk XI55
ﬁ%ﬂ{q: Independent Stepwise Independent Stepwise Independent Stepwise
Nlltro%en together method together method together method
evels
IEREER AR EMEE EaoRE ABMER EMESR EFESE AR Efma s
The correct Included The correct ~ The correct Included The correct ~ The correct Included The correct
percentage/%  character  percentage/% percentage/%  character  percentage/% percentage/%  character  percentage/ %
K& LN  85.6(83.9) X;;,X;;,X; 85.6(83.9) 82.5(80.8) X, X5 80.8(80.8) 84.4(82.2) X;;,X;;,Xy 84.9(83.4)
= X2 X1, X2, Xg, X1,
Hi MN  86.1(82.2) X. X 84.9(84.6) 79.8(76.9) X X 79.8(79.1) 81.7(79.1) Xy1,Xp5,Xe 82.0(80.8)
8} 1 54%10
By A XllaX127 XIZ’XB) X67X9’
w2z HN - 82.0(78.6) 81.3(81.0) 83.4(80.5) 82.9(82.5) 82.4(81.5) 82.7(82.7)
X5, Xg X1, Xg X1, Xy

e (1) 45 5 AT UGB A 72358 (2) 365 072 3 SUSRIE IE A 1 23 38
Notes : (1) The number outside bracket is the correctly classified % of original; (2) The number inside bracket is the correctly classified % of cross — vali-
dated grouped cases
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