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Screening of Soybean Varieties with Different Nitrogen Efficiency at Seedling

Stage
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Abstract: Soybean requires more nitrogen than other major crops for sustaining seed growth. The nitrogen use efficiency
(NUE) of soybean is different among varieties. In order to obtain the different NUE soybean varieties, a total of 147 varieties
were screened in this study. Soybean seeds were germinated and grown in 1/2 times of Hoagland solution. Two N levels inclu-
ding low and normal levels were set in this experiment,and each level had three repetitions. The dry plant weight,stem length,
root length biomass , nitrogen content and the amount of nitrogen absorption were investigated for choosing the indexes associat-
ed with NUE,and analyzed the relationship among these indexes. Based on the results of the primary screening, three low-N-
tolerant varieties ( Pohuang , Tongshanqing and Xudou 8 ) and three low-N-sensitive varieties (84-70 , zhongpin 03-5358 and long-
dou 7) were selected and grown in nutrition solution at two N levels. The coefficient of variation could reflect the tolerant ability
to low N-stress. After analyzed the coefficient of variation and correlation among the indexes,shoot nitrogen accumulation, in-
crease in biomass,dry weight and the amount of nitrogen absorption were chosen as the indexes for evaluating the NUE of soy-
bean varieties. The results indicated that “Pohuang” and “84-70” had the highest and lowest relative value, respectively. So
“Pohuang” was tolerant and “84-70” was sensitive to low N-stress, respectively.
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Table 1 Yellow symptoms of different soybean varieties in low nitrogen condition
A WAL wn WAL wn Pkl i WAL
Varieties Symptoms Varieties Symptoms Varieties Symptoms Varieties Symptoms
R 35 + o+ WA 18 o+ e s A + i 7 OF- T91 8% + +
w4 + o+ o+ HWEE 22 + W2 = + o+ K2 + o+ o+
i1 96-5 + W 23 + 4+ WHT 10 5 + s BN 5L + 4+
A 05-8 + #0145 + iRENT) o+ e ) + o+
il 03-68 + + LT 5 + + JE T A L + o+ [ + +
173-1018 + o+ Mg, o + 4 D T2 o+t LUAVERT + o+
-6 o+ ESS AN ENS) + 4+ K#EEG-1 + + HH -
1694667 + o+ AT + o+ ZIl#EFE -3 + o+ AT + o+
i 01-65 + o+ HEL + o+ i 0353672 o+ SRR + 4+
wH95 + s 3 4 L68-1864 + o+ WHE3 S + o+
iy + o+ o+ L74U-6710 + o+t LSBTy S + o+ 1694755 ++ 4
F15 8 5 + + 1704313 + + HHE1S + + + 162-1027 +
171-1388 + o+ 168-1774 + + A RRL 3 G + o+ 1704422 ++
1.73-1034 + + 1.76-2100 + + 14 03-5364 + + 1.73-1087 + +
gk + o+ T 13 + o+ 167-3479 ¥+ 1.74-838 + o+
Camp 4+ 1814651 + 4 BHE2S 4+ L75 - 6631 + o+
A= + + b 03-5359 + + HmEH 85 - HRIg 225 + o+
N EEA=2 + o+ i 03-5361 + o+ + MIET9 + + K#HETHE + o+
JNER + o+ T260H + o+ o+ RITHA 4T + o+ + HE3 S + o+
1704629 + o+ 74424 + 4 BTG Ao + o+ WELT + o+
163-2999 + + 164-314 + + + TS ok P yT. 2 5 + + + 163-2346 +
L76-1113 + o+ L67-1749 + 4+ kR + o+ i 02-33 4
163-1677 ¥+ 1704186 R FR LT + + 5h 03-5355 -
176-1149 + o+ ity a2 ++ BRI o+t SNy NISA + o+
1704049 ++ 1704558 + o+ P37 AN + 1694662 o+
054 + o+ o+ R 253 + o+ ek & 57 + + i 03-5381 —
177-2654 + o+ g7 e + o+ T HE T TR KT + o+
e + o+t L KA + o+ i L/l ++ P ALY + o+
84-70 + o+ + BEYAT 48 + SRSy + 4+ 163-1792 + o+ +
NH + o+ o+ i 03-5366 + 4+ THE2 S + + ZE el + o+
Perrin ++ + i 03-5412 + + + Shinpaldal kong 2 ++ + L72-2004 + +
8307-8-1 + i 03-5413 + o+ + iR % + + Suwon164 + o+ o+
W51 + + e i 03-5358 + o+ o+ FBEAHA ¥+ KHEBE -
1 32 + + Suwonl165 + + [ FE /N + + gy + +
A 50 + #4033 + o+ 167-3124 + + Sharkey
1k E + o+ o+ L H + o+ Lamar( VI) + + K25
2R + NS + + i1 06-71 -
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Table 2 Difference of traits between six varieties in seedling stage under low nitrogen condition

Tt R A2 brif2E ¥ fEH A S KL
Trait Change Standard deviation Mean value Coefficient of variation
Kk Plant height 23 -75 17. 65 41.14 0.429
#R K Root length 26.33 -70.67 17.33 46.75 0.371
BT Dry weight 0.35-2.16 0.59 1.10 0.536
A AN{E Increase in biomass 0.20-1.92 0.593 0.94 0.631
& Total nitrogen content 2.49 -4.25 0.57 3.05 0.187
SN hE Nitrogen absorption 0.2-1.92 0.55 1.0 0.550
b E3B 5> A FL 248 Shoot nitrogen accumulation 0.19 -2.87 0.91 1.44 0.632
i A AL B Root nitrogen accumulation 0.22-1.11 0.37 0.64 0.578
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M1 AT PUF Y, 76 1E A AR EUKE T, B
T R E B R R R LSRR 4
AMEPRBEE KGR AR BRI BT B 7R
AbBE 6 A1 12 d i, 25 ff AR IE B I RCRMIRSEUR A T
T2 HAEALBE 18 d 5, 2 BB Eimk, %
528 5 WHK 2 AR A AR AR Y T A,
BERAEIE B RZUKCE R RUK T 3 — 2, 28
/N UERH I B2 AR S0 0 B R/ T AR L 8
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S, R Sl REIE T B A

R ik A i 1 Y A £ TR 2R 2 R
TIRWR T H R, PR HS 24 d AR il S0 it
A ANIR] dfy b ] R AER 802 5 23 M, b 3 A X i P 5
FRBOEARE P PR RE 5 1E W ZKF Tk
ARFAUE R FUAE, IR (EBAET 1, W i %45 b
TEAR A ANIE B B RUKF T 5928 )N, it B 2%
AP SZ BB SE /N e AFE 4 AT DU H, fl R
P AR X A SR RO A ) 8 R A
{EL M B3R R B DL R R MR AT 25 1 s AR R
FE R AR, AT 1, 10 A 84-70 T H5 /)N,
I, 255 e A T 18 b 28 A VR, il AT A
S ity g B Ay DR ST TR (ER LA o, 84-70 S R EL
P R U
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Fig. 1 Changes of screening indexes among six soybean varieties under normal and low N conditions
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Table 3 Correlation analysis of different traits in soybean seeding stage under low N condition

. UE7/i . . BEES TS v MBS WTES El
o WEFE WFEE aFE PO g g LR OWEEROBK ol ey gge AEWE R WK
Ptk S nfE Ny SRR ARE ] ARZE  AFEE  Amount of

o Shoot dry ~ Rootdry Dry Plant Root X X . Shoot whole Root whole  Total ; ; .
Trait L L . Increase . Shoot nitrogenRoot nitrogen Nitrogen ) . Shoot nitrogen Root nitrogen nitrogen

weight weight — weight eight  length nitrogen  nitrogen  nitrogen ; i .
in biomass content content  content accumulation accumulation absorption
W bTHE 1

Shoot dry weight
WTFE 0,949 1
Root dry weight
BTE 0.680 0.734"* 1
Totaldry weight
HE R

Increase in

0.996 " * 0.998 * 0.723 1

biomass

R 0.005 -0.041 -0.156 -0.036 1
Plant height

K 0.605 0.582  0.911* 0.574  -0.050 1
Root length

Wy [ 30 /N A e L
ﬂﬁlﬁ%ﬁ“ﬁi -0.653  -0.557 -0.247 -0.597  -0.236 -0.343 1
Shootnitrogen

content
WEH AR
Root nitrogen

-0.620 -0.607 -0.591 -0.602  -0.541 -0.739* 0.549 1

content
EHAEE -0.681  -0.596 -0.355 -0.630 -0.335 -0.482 0.978** 0.708 1
Nitrogen content
b BRI AR
Shoot whole
nitrogen
LR
Root whole
nitrogen
BAE 0.956 % 0.982% 0,725 0.972** -0.115 0.505 -0.404  -0.505 -0.437 0.990* * 0.996** 1
Total nitrogen
H ER AR AR

Shoot nitrogen

0.912% % 0.953* ™ 0.719" 0.936** -0.104 0.509 -0.285 -0.504 -0.336 1

0.973** 0.989 " * 0.693  0.985** -0.121 0.49 -0.472  -0.501 -0.495 0.974** 1

0.855** 0.909* * 0.731* 0.891** -0.232 0.4654 -0.177  -0.357 -0.210 0.982" * 0.948* * 0.967* * 1

accumulation
T AR R

Root nitrogen

0.981** 0.995** 0.740* 0.993** 0.121  0.552 -0.508 -0.533  -0.535 0.964"* 0.997"* 0.91** 0.936"* 1

accumulation
U

Amount of

0.951** 0.979™ " 0.723* 0.971* * -0.162 0.528 -0.397 -0.478  -0.427 0.985"* 0.995" " 0.997** 0.973** 0.992** 1

nitrogen absorption

7T OMIERTE 0.05 10, 01 K BB FEATG,

Significance at 0.05 and 0. 01 levels is marked with * and * * ,respectively.
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Table 4 Analysis of resistance indexes of different soybean varieties under low nitrogen stress
- ST E AP ERIE M AR R b L TE T T E - AR AR R LT ens
Increase in Shoot nitrogen Shoot dry  Root dry Rootnitrogen Nitrogen absorption
Varieties  Dry weight Plant height Root length
biomass accumulation weight weight accumulation amount
LT KE  0.53a 0.53a 0.29a 0.53a 0.50a 1.08a 0.98a 0.31a 0.30a
e 8%  0.46a 0.67a 0.50b 0.67a 0.21b 2.34b 0.96a 0.20a 0.35a
B 0.92b 0.97b 0.77¢ 0.97b 0.73¢ 1.50a 0.59b 0.85b 0.79b
A 0.57a 0.54a 0.40b 0.54a 0.78¢ 1.32a 1.90¢ 0.47¢ 0.42a
84-70 0.23¢ 0.21c 0.05d 0.21c 0.37b 0.87¢ 1.13a 0.16a 0.07¢
AN 0.70b 0.68a 0.31a 0.69a 0.77¢ 0.88¢ 0.85a 0.40¢ 0.31a

[FIF A A R F R IR TE 0. 05 K22 5 3% .

Values with a column followed by different letters are different at 0.

3 @St
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kORI T A B R RS T R A RGT
WA R R 25 4 AR I R R S Y 3
R LA R EAS B A 9 A, DRI T — S AR AT
W 30 7 5 R B T, e o T

05 probability level.
AR R M AR B DR A A v I
TRAR TGRS A0 PE0r 5 b , I 388 5 i {1 446 2
(AEXHEL) A TEFR A PR 3R 0 52 0 FIAS [] B B B3 2
YIRS SR 225, R IX SEEARZR B VA, nT W 2P
B BB BRSO R, 84-70 S BBUBER K
S % 30k
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