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Abstract: Distinguishing elite germplasm with high nitrogen—use—efficiency is critical to high—yield breeding
in soybean. In this study, we employed hydroponic assay and evaluated biomass and tolerance index of low nitrogen
stress of 78 accessions at two nitrogen levels, i.e. normal (7.5mmol/L) and low (0.75mmol/L). Based on performance
of aboveground dry weight, whole—plant dry weight and low nitrogen tolerance index, 8 elite accessions, including 3
low—nitrogen—tolerant genotypes (2011-X-559, 2011-X-618, 2011-X-639), 3 low—nitrogen—sensitive genotypes
(2011-X-472, 2011-X-531, 2011-X-547) and 2 intermediate genotypes (Jiyu 86, Dongnong 53), were distin-
guished. Furthermore, we focused on the 8 accessions and examined 17 traits, covering chlorophyll content, bio-

mass, nitrogen percentage and root morphology. By means of variation coefficient, Pearson correlation and principal
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component analysis, 6 traits (composing of dry biomass, total nitrogen percentage, total nitrogen accumulation, total

root length, root volume and root surface area) could be considered as the main indicators for screening low nitrogen

tolerant soybean germplasm at seedling stage. Consequently, a low nitrogen tolerant accessions 2011-X-618 and a

low nitrogen sensitive accessions 2011-X-531 were further validated. We hoped to shed light on deciphering the

mechanism of nitrogen use efficiency and provide excellent germplasm for high yield breeding in soybean.

Key words: soybean; nitrogen use efficiency; low nitrogen tolerance index; biomass; root morphology
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Tablel Normal nitrogen nutrient ingredients for soybean seedling growth

KEILR W /mmol - ! IR WL
Macronutrients Concentration/(mmol + L.™") Trace elements Concentration/(pmol - L")

CaCl, 1 H,BO, 2

KH,PO, 0.5 ZnS0, 0.5

MgSO, 0.25 CuS0, 02
K,S0, 0.25 CoSO, 0.1

Fe.citrate 0.05 Na,MoO, 0.1

NH,NO, 3.75 MnSO, 1
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Table 2 Differences in seedling biomass of 78 soybean accessions under normal and low nitrogen conditions

LERIN B2 fe/MElg FRAAlg brifii 2 ¥ife/g 75 S5 A Yo
Trait Environment Min Max SD Mean value cv
b b NN 0.48 2.34 0.29 0.98a 30.04
SDW LN 0.38 1.53 0.20 0.70b 29.20
R NN 0.12 0.48 0.06 0.22a 28.08
RDW LN 0.12 0.43 0.07 0.22a 30.40
BTE NN 0.59 2.82 0.35 1.21a 29.14
TDW LN 0.50 1.95 0.26 0.93h 28.44

TE  ANF/ING FRERIR IEH ZRUR A T R LR Yt 225314 0.05 3K F
Note: Different lowercase letters indicate significant difference of biomass under normal and low nitrogen conditions at 0.05 level. SDW: shoot dry

weight; RDW: root dry weight; TDW: total dry weight
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Table 3 Seventy—eight soybean accessions with their low nitrogen tolerant indexes of dry weight

- AR U6 45 £ - AR ZU6 45 E - AR ZUE 45 %
Accession | Accession | Accession o
SDW  TDW SDW  TDW SDW  TDW
2011-X-547 042 052 |HAKT95 Xindadou9  0.65  0.69 |& 356 Hefeng 56 0.81 0.85
2011-X-626 048  0.62 |f#02030-3 Nen02030-3  0.65  0.69 || # 45 Zhonghuang 45 0.81 0.81
2011-X-472 0.5 0.53 |E 1102 Kenl1102 0.65  0.71 |2011-X-471 082 086
2011-X-486 052 053 |2011-X-474 0.66 0.7 || 02031-12 Nen02031-12 082 085
2011-X-629 053 057 [2011-X-653 0.67  0.72 iK% 1% Shidadou 1 082 086
K 62 Heinong 62 0.54  0.58 |4200-1193 Sui00-1193  0.68  0.78 |#H K= 145 Xindadou 14 082 086
2011-X-654 054  0.65 |®J¥55Heilong 55 0.69 071 [K2011-M1316 Chang2011-M316  0.83  0.91
2011-X-572 0.54 0.61 ||2011-X-522 0.7 0.75 || 4% Huangbaijia 0.83 0.85
P4k i 65 Kangxianchong 6 0.55 0.59 | % 86 Jiyu 86 0.7 0.75 ||H K3 25 Xindadou 2 0.83 0.87
2011-X-531 056 058 |2011-X-489 0.71 0.8 |44 0126 Dongnong 0126 0.84 088
A 66 Heinong 66 0.56 0.57 |11#754 0.72 0.79 | H4 44 Heinong 44 0.84 0.87
224 31 Suinong 31 0.57 0.6 [2011-X-503 073  0.74 |21-28#754 0.85  0.94
7R 4% 49 Dongnong 49 059  0.68 (k010061 Nen01006-1 0.74  0.86 [2011-X-553 085 088
£ K25 Shidadou 2 0.59 0.69 | H4% 50 Heinong 50 0.76 0.78 [2011-X-551 0.86 0.89
B 1105 Ken 1105 0.6 0.65 |2011-X-493 0.76 0.8 |FH&R Kesuo 0.86 0.87
Bk 7 35 Xindadou 3 0.61 0.66 ||2011-X-581 0.77 0.81 ||2011-X-622 0.86 0.82
2011-X-645 0.62 057 |2011-X-470 0.77  0.79 |4k 64 Heinong 64 0.86  0.88
2011-X-638 0.62  0.62 |#H 201 Jiyu 201 0.77 098 [2011-X-568 0.87 091
2011-X-542 0.63 071 [2011-X-523 0.77  0.77 |2011-X-491 0.87  0.94
2011-X-573 0.63  0.68 |19 Chang 19 0.78  0.83 |2011-X-559 089 083
2011-X-478 0.63 0.69 |4 63 Heinong 63 0.78 0.81 [#:4% 52 Dongnong 52 0.91 0.96
2011-X-576 0.63 0.65 || K< Qianhuijia 0.79 0.84 ||£3%8 08-1 Hefu08-1 0.91 0.97
2011-X-617 0.63  0.68 [2011-X-476 0.79  0.84 | 90-33-5 Ha90-33-5 093 098
B K 8% Xindadou 8 0.64  0.68 [2011-311-16 0.8 0.87 [2011-X-618 0.94 1
20M-X-484 0.64  0.68 [2011-X-529 0.8 0.84 {2011-X-490 0.96 1.01
2011-X-628 0.64 0.67 |%4%53 Dongnong 53 0.8 0.86 |2011-X-639 1 1.11

TE - AR U0 15 B= R UK MR R B/ AR FUK - TR R

Note: Low nitrogen tolerance index (LNTI) = Phenotypic traits under low nitrogen condition/phenotypic traits under normal nitrogen condition

w) A i 8 3 0y it A &AL BF 2011-X-559,2011-X- 2011-X-472.2011-X-531.2011-X-547 F 2 {5 [a]
618.2011-X-639, DAHh |3 5 KT E K A 18 RIA RS B 86 KA 53,
B/INTF 0.6 MARUE, O 8 3 MR A BURM B 2.2 EHETMEERM BTG IEISIR
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RAS S RGN 4. 06%~24. 58% , FHorb LIkk & AR
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RIIE T, 2150578 5 REGEFE R 4. 51%~26. 13%,
FErP AR E Mk i AR AR AR 2 1 RN AR K 3
K5 LR ZU 0 48 55, &8 hr 28 5 R Bl
4.45%~17.37% , Forp DI B30 6 R bk B Rk
AT R AR K (R 4)

2.2.2 AARMSH DR PN K ST
TRERE T 0 Fad5 , X0 il o (9 17 AN FE bRtk A 7 AH Se Ak

F4 SHAREMHEHEER

ST . TEIEH AN, 25 F8An ) 2 90t B 5 i) A
KME, FE R BT S5 A R B R W OE A G
(r=0.949%%)  BAR A o S LA S & 2R
FIEMC(r=0.954% ) ;B OA 5 0 THEEW D
FIEAHIE (r=0.971%%) 5 MAR K SAR LA B %
IEARIE (r= 0. 872%%) s AR 3 bk B R 2 A B 3
IEAHX (r=0.913%*%) . FEMRESM T, & FRbrl1 &
PR B A AR DG AR R T S T R
WHFEMR(r=0.987% ) BFASTHS B THE
B 3 A G (r = 0. 898+ ) s BEpk B 0 5 b L3R A
AW TEASE (r=0.939%%) ; BAR K S5H &
PR B3 EAH G (r = 0. 829%) s AR R IAN 5 ML A2
W i E A (r=0. 925+ ) MK SR TELER
FIEAHC(r=0.725%)(£5).

2.2.3 ERHHM N ITAMEIRTHE Z 0 5%
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IERIER

Table 4 Variation of each index of 8 soybean accessions at seedling stage

EFHA IR TR TR SR 30 45
PER Normal nitrogen (NN) Low nitrogen (LN) LNTI
Trait HifE ] A5 BE T ks HfE T Hi AR5
Mean Range CV/% Mean Range CV/% Mean Range CvV
SDW 0.58a 0.46~0.73 16.58 0.36b 0.31~0.41 10.37 0.64 0.51~0.76 11.18
RDW 0.16b 0.12~0.19 16.36 0.23a 0.18~0.27 12.29 1.48 1.31~1.62 7.09
TDW 0.73a 0.57~0.91 16.32 0.59b 0.49~0.67 10.92 0.82 0.67~0.94 9.9
RSR 0.27b 0.25~0.29 6.2 0.63a 0.58~0.66 451 2.33 2.09~2.58 6.24
SNC 5.19a 4.85~5.59 4.06 2.39b 2.04~2.85 12.66 0.46 0.40~0.54 10.62
RNC 2.54a 2.23~291 9.69 1.43b 1.28~1.58 7.06 0.56 0.48~0.65 10.67
NC 4.63a 4.34~4.96 4.11 2.02b 1.77~2.32 10.64 0.44 0.38~0.49 8.64
SWN 29.92a 24.35~37.08 15.27 8.6b 7.99~9.47 6.36 0.29 0.22~0.37 17.37
RWN 3.92a 2.83~4.89 15.11 3.22b 2.89~3.42 6.58 0.84 0.70~1.02 12.25
TN 33.84a 27.17~41.18 14.84 11.82b 10.89~12.75 5.18 0.36 0.28~0.44 15.17
SPAD 37.58a 35.03~40.24 4.58 22.15b 20.39~26.82 10.93 0.59 0.53~0.68 8.98
PH 25.27a 15.63~35.61 24.58 15.17b 11.50~20.67 24.18 0.61 0.47~0.74 16.2
TRL 1024.56b 798.39~1212.23 12.96 1583.5a 1238.81~1897.19 12.87 1.55 1.39~1.69 6.59
RSA 111.12b 89.75~132.98 12.97 159.59a 132.15~206.46 13.58 1.44 1.25~1.60 8.88
RAD 0.35a 0.31~0.38 7 0.32b 0.28~0.35 7.42 0.92 0.85~0.99 4.45
RV 0.97b 0.79~1.17 15.65 1.29a 1.09~1.80 18.01 1.34 1.12~1.54 11.98
RTN 1926.88b 1368.44~2392.33 19.93 3476.75a 2466.17~5221.83 26.13 1.8 1.46~2.18 11.7

W SDW:HL F 381 8 s RDOW:H R #5815 ; TDW T 5 RSRARTE L s SNC:Hl b RS ik s RNCaHlL B 3003 s NCAE AR & i s SWN:HD |- 3
0 RWN:HE 3B TN BE MR AL SPAD: M4 255 1 PHAAR R0 5 TR SR s RSAAR R AL RADSF- AR B AR RVARIREL; RIN:ARZEL ., TRl

Fr oA R/ING FhER R 22531 0.05 38 KK

Note: SDW: shoot dry weight; RDW: root dry weight; TDW: total dry weight; RSR: root shoot ratio; SNC: shoot nitrogen content; RNC: root nitrogen con-

tent; NC: nitrogen content; SWN: shoot whole nitrogen; RWN: root whole nitrogen; TN: total nitrogen; SPAD: chlorophyll content; PH: plant height; TRL:

total root length; RSA: root surface area; RAD: root average diameter; RV: root volume; RTN: root tips number. Different lowercase letters in same line

indicate significant difference at 0.05 level
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x5 SHREMPEHERVEEREEERKTE (NABL LT )FREKTE (AL T ) Pearson tHX RE
Table 5 Pearson correlation coefficients of traits of 8 soybean accessioins at seedling stage under normal (above the diago-

nal) and low (below the diagonal) nitrogen conditions

SDW  RDW  TDW RSR SNC RNC NC SWN RWN TN SPAD PH TRL RSA RAD RV  RIN

SDW 0.923" 0.997" -0.187 -0.426 -0.390 -0.454 0.972" 0.717° 0.969 -0.221 0.669 0.542 0.853" 0.490 0.950 -0.091
RDW 0.9317 0.9517 0.200 -0.368 -0.394 -0.464 0.908" 0.786" 0.918™ -0.123 0.527 0.427 0.761° 0.541 0.889" -0.286
TDW 0.987" 0.977" -0.107 -0.419 -0.396 -0.462 0.971"" 0.741" 0.971"" -0.203 0.648 0.525 0.844” 0.507 0.949" -0.133
RSR  0.257 0591  0.406 0.131  0.006 -0.034 -0.159 0.191 -0.122 0.383 -0.420 -0.401 -0.287 0.245 -0.158 -0.545
SNC -0.873" -0.732" -0.827" 0.008 0.359 0.954™ -0.203 —-0.162 -0.204 0.299 -0.493 -0.446 —-0.520 0.014 -0.470 -0.107
RNC -0.853" -0.924" -0.899" -0.567 0.664 0.586 -0.325 0.253 -0.266 0.542 -0.089 -0.118 -0.257 -0.232 -0.329 0.350
NC -0.923" -0.828" -0.898™ -0.141 0.984" 0.783" -0.246 -0.105 -0.236 0.356 -0.397 -0.367 -0.487 -0.087 -0.480 0.085
SWN -0.074 0.094 -0.003 0.446 0.545 -0.076 0.434 0.741" 0.997" -0.157 0.595 0.470 0.788" 0.535 0.907" -0.128
RWN 0.856™ 0.899" 0.890 0.491 -0.665 -0.670 -0.718" 0.137 0.792" 0217 0.543 0.397 0.660 0.420 0.742" -0.061
TN 0230 0395 0305 0.568 0256 -0.299 0.139 0.939" 0.468 -0.117 0.606 0.474 0.795" 0.536 0.913" -0.124
SPAD -0.300 -0.081 -0.210 0.489 0.649 -0.058 0.524 0.801" -0.182 0.652 -0.433 -0.748" -0.512 0.551 -0.235 -0.397
PH 0.814" 0.680 0.770" 0.011 -0.742" -0.798" -0.791" -0.158 0.435 0.009 -0.124 0.810" 0.910” 0.064 0.822° 0.161
TRL 0.042 0.030 0.037 -0.033 -0.259 -0.119 -0.243 -0.557 —0.137 —0.545 -0.182 0.299 0.872" -0.398 0.610 0.549
RSA  0.507 0495 0.510 0.180 -0.527 -0.485 -0.552 -0.290 0.374 -0.130 -0.116 0.609 0.829" 0.098 0.919™ 0.197
RAD 0.780° 0.787° 0.797° 0.376 -0.443 -0.607 -0.512 0.462 0.871" 0.713" 0.116 0.514 -0.258 0.323 0.482 -0.737
RV 0.717° 0706 0.725° 0.286 -0.597 -0.629 -0.645 —0.044 0.644 0.183 -0.041 0.698 0.555 0.925" 0.658 -0.116

RTN -0.505 -0.593 -0.552 -0.483 0217 0.501 0.303 -0.507 -0.654 —0.679 —0.234 -0.185 0.732" 0.318 —0.670 —0.019
TE R AE 0.01 K COUID_E 225 AR #Ron 18 0.05 /K OB | 25 456

Note: ** and * represent significant difference at 0.01 and 0.05 level (bilateral), respectively
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Note: A and B represent the projections of low nitrogen tolerance index of 17 traits on principal component 1 and principal component 2, principal com-
ponent 2 and principal component 3, respectively. The dots indicate the position of 8 soybean accessions, and the lines represent vectors that quantify
the magnitude and direction of trait contribution to the principal component
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Fig.1 Principal component analysis of 17 traits related to nitrogen use efficiency at soybean seedling stage
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Table 6 Comparison of low nitrogen tolerance index of 8

soybean accessions
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LAYy Y5 S B NET
bR BFE T Bk omeR 3 TR
i O AEE BA TR
Accession TDW TRL RV o
NC TN RSA — BT W I 3 57 T e i BRI A B Vb s AN
T 86 Jiyu 86 094a 0.48a 0.46a 1.53ab 1.47a 1.41ab a . . PRV e
TSty AR KR 0 G 5 TR R T T M ) R A
2011-X-618 0.88a 043b 0.47a 1.73a 1.60a 1.50a e s =R e
2011-X-559 0.85ab 0.47ab 0.40a 1.50ab 1.41ab 1.32ab ﬁ ’ mlﬁu%lﬁj{ﬂti E/\J == =0 j\jzfﬁ%ﬂ U%LHTJ‘ 'EJ N
2011-X-547 0.84ab 0.39¢ 0.32b 1.72a 1.55a 1.54a T ER i 26 5 RE AR X 58 SR FH K B 9 T v 4 AT O
2011-X-639 0.82ab 0.43b 0.35ab 1.38h 1.25b 1.14b o e B AR EE L 0 R R, B AN TG
%4% 53 Dongnong 53 0.79ab 0.40bc 0.32b 1.49ab 1.44ab 1.39ab SR L DR 0 2 Y WA 22 ik B A 5 T2 o o 7 16 I
2011-X-472 0.77ab  0.49a

JohiE R AEAR /N 5 IE R RS T R A2 R EOR,
HAR R IE R A KM R ER RN, W
I, % HE 8 AN KRG AR 6 AR A Bk 45 %,
FEEES AR Z K FRFEHUE, 7T LI AN
2011-X-618 > K 5 1 1 i fIK A4 B, 2011-X-531
R R IR A U T R R

0-38a Lol 1A48a 137ab oy b 5 DY R B YA LSRR B 4 R . AT

2011-X-531 0.67b 0.42b 0.28b 1.42b 1.26b 1.13b

TE : [RIFVEE S A RN TR IR TE 0.05 7K L 1928 5 351k

Note: Different small letters in same column indicate significant differ-

ence at 0.05 level
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T NN: R EE R 7.5 mmol/L 198 F2 3 ; LN: U2 0.75 mmol/L 0978 F7 K

Note: NN: 7.5 mmol/L nitrogen in nutrient solution, LN: 075 mmol/L nitrogen in nutrient solution

Fig. 2 Phenotype of soybean accessions with different nitrogen use efficiency under nitrogen stress
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