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Abstract: This research examined the identification method and genetic traits of low nitrogen resistant
soybean at the seedling stage. 260 soybean varieties were used and subjected for pot experiments under normal
and low nitrogen treatments, followed by examination of nine traits (such as SPAD, plant high, and shoot fresh
weight) at the stage of the fourth compound leaf unfolding. By analyzing the phenotypic difference of soybean
varieties under low nitrogen stress condition, as well as the low nitrogen tolerance coefficient, correlation
analysis, principal component analysis, affiliation function, and regression analysis, the soybean varieties
showing low nitrogen tolerance were identified. The significant differences at all the traits were observed under
two different nitrogen-supplying levels, showing levels of variation among the traits and the varieties. The
indexes of nine traits were refined using three indexes by principal component analysis. Based the value of the
affiliation function and the comprehensive evaluation of low nitrogen tolerance in conjugation with cluster

analysis, five categories (strong resistant, resistant, middle resistant, sensitive and most sensitive) were
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suggested. Seventeen soybean varieties were strong resistant categories, while seven were most sensitive

categories. Through stepwise regression analysis, total dry weight, root dry weight, shoot fresh weight, SPAD

of the second compound leaf, and SPAD of the first compound leaf, might be deployed as the principal

indicators for evaluating low nitrogen tolerance in soybean.

Key words: soybean;seedling stage ; low nitrogen tolerance coefficient; index
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Table 1 Information on participating soybean germplasm resources
%' B s i G i G5 A P i
No. Varieties No. Varieties No. Varieties No. Varieties No. Varieties
1 HAE67 9 PRI || 17 HIEBEEAE 2T (|25 FEACH 33 A A
2 NBF04L-141 10 BHET 18 Ry R4 26 I 34 TEE XG5
3 L 21 11 AL || 19 MERSIEH AT || 27 ByEr 35 HA 76
4 FHH 66 12 Tk 15 20 Wi ea || 28 UNEE= 36 B 87
5 MEFAEIR || 13 AL 21 #HH 29 TLEHRE |37 A 88
6 ARG AR 14 SPOKHYE |22 AT 30 MRS || 38 HHE 92
7 FHM30 15 WAEmE |23 IREE 31 HMERTET |39 HWH 93
8 HH T 16 REME 24 H 32 [E7 1004 |[40 99
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Hirs it i i sl i sl g sl Hirs sl e
No Varieties No Varieties No. Varieties No. Varieties No Varieties
41 HH97 85 HHE2S 129 oA 24 173 31 217 WESS
42 HHE105 86 ZEAR 68 130 KFERE 174 BT 101 218 B
43 T H 203 87 HHE 109 131 K41 175 H4892 219 NEN
44 HH 302 88 /3 P06-4-1 132 W15 176 B 220 220 18
45 T H 403 89 FHM18 133 TV ToUE: 177 HF41 221 220
46 FHH 406 90 FHH 204 134 KA 178 G476 222 1L 24
47 HE 501 91 /A P04-1-28 135 A AL 179 BATS 223 107530
48 HHH 505 92 Ak 81 136 L2 180 e 71 224 WA 11
49 KAk 25 93 HH48 137 HEIR AT || 181 KA 46 225 AR 12
50 420 94 THH 259 138 L3S 182 G114 226 FEE15
51 g 24 95 SR 25 139 MR 183 LM E || 227 BRI 42
52 Tk 26 96 M 29 140 A% 184 24 48 228 Bk15.43
53 RFE} 525 97 AW 27 141 PR 185 B 18 229 k15 44
54 V2549 98 ed11 142 BRIEH 186 G 1S (230 ¥R 46
55 REX R 99 wdb 15 143 HELS 187 LT 44 231 Big 47
56 HRE 1S 100 JTIERE 144 Jekh03-311 188 535 232 BRH 48
57 JEAR 12 101 HE3S 145 PNl ) 189 BA36 233 MR
58 42 20 102 PR 146 M REEAHAD || 190 RYG 43 ||234 #H
59 HHEST 103 G105 147 PN A 191 A 34 235 IRE45
60 HH 94 104 HES2 148 P 38 192 A< 53 236 FEHY
61 LIE4TT 105 Fil6's 149 W37 193 24 43 237 5514
62 HE3 106 w4y 150 A 69 194 BRE13 238 PNELE
63 T 602 107 e S 151 hgmes 195 293 239 55126
64 FHH 401 108 = 11 152 Bkl 196 BF22 240 77382
65 FHH 299 109 KA 4T 153 R 6 197 aFE11 241 5H 12
66 A 303 110 BF16 154 2,4430-20 198 AR 55 242 5518
67 KA 14 111 KRK2% 155 KAca's 199 H4 74 243 527640
68 T IVRL8 112 M/RERIE || 156 A% 60 200 ZA 14 244 565 1137
69 Jufe36 113 g QUL sy 157 48 201 ANTRiEe |]245 51533
70 )15 114 FIHRE 158 e 52 202 B 4-1 246 ARE1E
71 TR 16 115 TR 159 e 52 203 BEST 247 ENusA
72 T 69 116 /N 160 A 84 204 AL 66-22 || 248 BRE 1S
73 HH 508 117 EALPN A 161 B 38 205 W% 249 Tokachi nagaha
74 HHE47 118 HHEE 162 529 206 BAE 33 250 MONETA
75 HE T2 119 HERE/NE 163 A 101 207 #5621 251 G.maxN136
76 HHk36 120 R G 164 1EE 12 208 429 252 Proto
77 R3S 121 ANIK I 165 w45 209 /NHE 253 Glacier
78 HFH 101 122 ik 166 SR 18 210 E)As) 254 G.max-46
79 5 95196-14 123 INE I 167 .29 211 M 255 Browneas 11-2-153
80 25 96171-8 124 AN REHK 168 L2 212 G 256 SWHN 11-2-186
81 FH6S 125 B 60 KiLFK || 169 GNRIE 25 || 213 W40 257 C-5
82 hi% 601 126 TFEH 170 SR 26 214 R 258 Conrad
83 HE 257 127 FRAEE K 171 #F24 215 DU HE 259 Jim
84 HH39 128 MB4IT 172 T 44 216 PRERJE 260 Newton
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Table 2 Differences in seedling traits of soybean under the two nitrogen treatments

n IEHA A [R5
LN Normal nitrogen Low nitrogen Low nitrogen tolerance coefficient
Traits

FHIE Mean  ERFE(%) CV FHIE Mean  BHRE(%) CV 3 Mean  BRRE(%) CV
51 R4 i SPADI 33.91a 15.25 26.28b 18.95 0.78 16.27
552 52 4% 2K i SPAD2 36.43a 11.43 28.16b 13.23 0.78 12.12
55 3 S Y -4 3 % & SPAD3 37.39a 12.66 29.67b 11.69 0.80 10.39
Pk (em)PH 38.36a 28.85 32.94b 30.29 0.87 13.03
Hh |- (g ) SFW 7.79a 28.04 6.24b 23.15 0.82 14.82
i T H (g)SDW 1.82a 23.14 1.40b 20.36 0.78 13.91
R T H (g)RDW 0.51a 23.47 0.46b 22.41 0.92 17.27
ST E(g) TDW 2.32a 21.90 1.86b 18.74 0.81 13.02
HYHE L RSR 0.29b 19.25 0.34a 2237 1.19 16.48

[T AR NG PR IR 225915 P<0.05 B /K-

Different lowercase letters in same line indicate significant difference at P<0.05 level. SPAD1: SPAD value of the first compound leaf; SPAD2:
SPAD value of the second compound leaf; SPAD3: SPAD value of the third compound leaf; PH: Plant height; SFW: Shoot fresh weight; SDW:
Shoot dry weight; RDW: Root dry weight; TDW: Total dry weight; RSR: Root shoot rati; The same as below
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Fig.1 Correlation analysis of low nitrogen tolerance
coefficient in soybean seedling stage
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Table 3 Principal component analysis of the low nitrogen resistance coefficient in soybean

Eizta FHA1 F 52 F 53
Index Component 1 Component 2 Component 3
5 1M Yn4¢ 2 it SPADI -0.433 0.734 0.273
552 54 R & i SPAD2 -0.472 0.774 0.132
o5 3 Rt 4k 3R ik SPAD3 -0.393 0.754 -0.001
Pk PH 0.517 -0.016 -0.431
Hb |- B SFW 0.786 0.338 -0.162
M I #T-#H SDW 0.86 0.423 -0.056
iR HE RDW 0.625 0.018 0.765
BFH#H TDW 0.887 0.354 0.204
MR RSR -0.092 -0.362 0.871
FFF{H Eigenvectors 3.376 2.255 1.691
5Tk (%) Contribution ratio 37.509 25.057 18.793
Zi 5k (%) Cumulative contribution ratio 37.509 62.566 81.359

TR M A R 34 R I TRk R 4
B2 37.509% . 25.057% il 18.793% , it 51 ik K ik
81.359% , 1.3 T S K 5 5 A i 4K Z20F6 A 1) 4 K
A B o B 1 A AR AR R AR Y
W/ w9 N R O W =
BHIA AR T 552 FR P REE R
K A9k SPAD1 ., SPAD2 L) J SPAD3, ¥ H: 5 hy -4
ROomBE A 53 R R I R A AR
L B LT AR R
23 RESHREH R K S FHRFIE

HRAE A BRI LR FE PR (E A 5T ik, A B
R IE REII T A AR AR A S8 R A, 154

SAERFEFR AL, FF T R AR A LR &
PO Do fEb R D (B Y38 F o 0.213~0.803, -
{8 R0 bR o 25 43 91 R 0.569 F10.102, 78 55 R 30y
17.96% ¥ DAEARYE K /NIEATHES L 56 BT R =5
PR R 25 G PP (B D A s, T B K & S oI
RINEE R 32 5, AR A 101, 58 & 44 (1T R H 4
S O 3 S AR 27, D {4514 0.803.0.799
0.782.0.768 F10.761. AHZ , HE 44 5 J5 1 R & A
TR LR A PR E D 5/, Ul BHIZ R 5 b AP IR L
IS 32 PE55 , Wi Mok 8 5 (35 F 508 .48 )
15 35 & 401 FRRE (D AE 510 0.213.0.232,
0.250.0.268 F10.276(#£ 4 . 2),

F4 RESVEBRAESEMEZHERMREMEIEHRESTNED 2

Table 4 Analysis of tolerance coefficient of different response soybean varieties under low nitrogen stress

Mif Al Z %X Low nitrogen tolerance coefficient

&i's i EUEMNE E2EM 3N o = - e

SPADI SPAD2 SPAD3 FH SFW SDW  RDW ThwW RSR D
163 101 0.83 0.83 0.90 0.98 0.98 0.96 1.27 1.01 1.33 0.803
172 TiE 44 0.77 0.72 0.72 0.95 1.04 0.91 1.36 1.00 149  0.799
235 TRG45 0.85 0.76 0.69 0.96 0.85 0.79 1.59 0.94 202 0.782
183 M35 0.70 0.71 0.74 1.01 0.98 0.95 1.25 1.00 1.31 0.768
97 S 27 0.93 0.84 0.88 0.99 0.95 0.96 1.11 0.99 1.16  0.761
68  FHMUINRL8 S 0.48 0.71 0.75 0.96 0.42 0.38 0.6 0.43 1.6 0.213
73 HE 508 0.86 0.83 0.88 0.78 0.4 0.39 0.4 0.39 1.08  0.232
70 w1 0.79 0.87 0.78 1.01 0.43 0.44 0.37 0.42 0.85 0.250
64 HH 401 0.91 0.95 0.89 0.51 0.58 0.5 0.49 0.5 098  0.268
147 PN T 0.97 0.91 0.87 0.8 0.58 0.52 0.46 0.5 0.88 0.276
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a B IR AU IR R T 45 (235) , b RS 75 U5
EAR/IVKRL8 45 (68) s NN : IEH AUAL I ; LN A4 #
a figure shows the strong resistant resource Liaoheidou 4(235), b figure

shows the extremely intolerant resource Jilinxiaoli 8 (68); NN: Normal
nitrogen treatment; LN: Low nitrogen treatment
B2 AREERETEMERMBRATHERXZHH
kRS
Fig.2 Plant phenotypes of strong resistant and most
sensitive tolerant soybean materials at different nitrogen

concentrations
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Table 5 Low nitrogen tolerance coefficients and comprehensive evaluation values of different taxa

P& %0 22 5L Low nitrogen tolerance coefficient

KRt HUEN H2EM 3N MO MBS S Tﬁﬁﬁ
Gow  wgau eak taka 0 gm opm o opp  G0W ke GAR
SPADI1 SPAD2 SPAD3 PH SFW SDW RDW TOw RSR
1 0.78a 0.77a 0.79a 0.97A 0.96A 0.91A 1.20A 0.96A 1.33a 0.742A
I 0.78a 0.77a 0.79a 0.89B 0.90A 0.87B 1.01B 0.90B 1.17a 0.651B
Il 0.79a 0.78a 0.81a 0.86BC 0.81B 0.77C 0.90C 0.80C 1.18a 0.559C
v 0.76a 0.76a 0.79a 0.83C 0.70C 0.65D 0.78D 0.68D 1.21a 0.438D
\Y 0.80a 0.85a 0.83a 0.76C 0.51D 0.47E 0.51E 0.47E 1.12a 0.265E

[FFIA R RS TREFIRTE P<0.01 K-35 , AR R)/INE T-REFRIRTE P<0.05 K- 1835

Different capital letters in the same column indicate significant at P<0.01 level, different lowercase letters indicate significant at P<0.05 level
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The numbers in the figure are the variety numbers of table 1
3 REESMRERMEEE
Fig.3 Clustering diagram of low nitrogen resistance coefficient in soybean seedling stage
F6 17T EMERERMAHRE RBREEITNIER

Table 6 Low nitrogen tolerance coefficients and comprehensive evaluation indexes of 17 strong resistant varieties

MM &L 2 5L Low nitrogen tolerance coefficient

' A FIEMA) 28 3L L HB B Hb B iR X .
No. Varieties Tf; :r’; iﬁiéﬁ % ﬂfﬁag i? bl {Ziﬁlg H%TE% {?Tfiiﬁ BTE Ml FHE
o PH TDW RSR D
H* SPAD1 SPAD2 SPAD3 SFW SDW RDW

163 e 101 0.83 0.83 0.90 0.98 0.98 0.96 1.27 1.01 1.33 0.803
172 Vi 44 0.77 0.72 0.72 0.95 1.04 0.91 1.36 1.00 1.49 0.799
235 BTG 45 0.85 0.76 0.69 096  0.85 0.79 1.59 0.94 2.02 0.782
183 G35 0.70 0.71 0.74 1.01 0.98 0.95 1.25 1.00 131 0.768
97 27 0.93 0.84 0.88 0.99 0.95 0.96 1.11 0.99 1.16 0.761
96 M 29 0.97 0.90 0.86 0.85 0.95 0.89 1.22 0.94 1.38 0.755
57 FEA 12 0.66 0.75 0.74 0.87 0.99 0.93 1.21 1.00 1.32 0.751
192 4% 53 0.59 0.70 0.80 1.02 1.02 0.94 1.17 0.98 1.21 0.743
80 A 96171-8 0.61 0.66 0.67 0.97 0.92 091 1.32 0.97 1.47 0.740
101 [EEER 0.89 0.94 0.99 1.02 0.87 0.92 1.09 0.96 1.13 0.731
93 HH 48 0.71 0.80 0.80 1.02 0.95 0.93 1.11 0.97 1.18 0.725
58 45t 20 0.79 0.77 0.74 090  0.89 0.95 1.08 0.99 1.13 0.713
132 M 15 0.79 0.77 0.72 086 097 0.87 1.16 0.93 1.36 0.709
184 14k 48 0.77 0.72 0.84 1.04 096 0.88 1.12 0.93 1.27 0.709
19 Mef SETEH 45 0.80 0.85 0.99 1.02 0.93 0.83 1.15 0.89 1.46 0.708
86 7R 68 0.79 0.65 0.73 0.99 1.00 0.89 1.10 0.94 1.23 0.706
119 HERG /NG 0.78 0.80 0.70 1.03 1.01 0.93 1.00 0.95 1.08 0.705

3 i FR BT FNERIFEE I /NG TR R S A R =z
W PEORE M A A B B R, A ) R

T AV SR8 DL 0 O T 0 T SR R Ok TR ARSI S R B R R RO 1 A
FHEARIOERE . WA E R DL AL T R WIESR I AR SR RLgE A0 AR B e Dy 25 o 14 4 e 7
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