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Analysis of Phosphorus Absorption and Use Efficiency in
Spring Soybean Cultivars and Their Foundation
Parents from Jiangxi Province
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( Crops Research Institute of Jiangxi Academy of Agricultural Sciences/Nanchang Branch of National Center of

Oilcrops Improvement/Jiangxi Province Key Laboratory of Oilcrops Biology , Nanchang 330200 )

Abstract: Spring-sowing soybean in Jiangxi province of China is mainly planted in the red hilly soil region,
where low phosphorous availability restricts the yield production. Breeding for spring soybean cultivars showing high
phosphorous use efficiency will hence become of interest to ensure its production in Jiangxi province. To understand
the phosphorous efficiency of spring soybean cultivars and their foundation parents, 12 traits ( i.e. net photosynthetic
rate, biomass, phosphorous absorption efficiency, phosphorous use efficiency, and phosphorous concentration ) were
evaluated under normal and low phosphorous soil pot conditions, followed by the analysis of the principal component
and associated membership functions. There were significant differences in 12 traits including net photosynthetic
rate, phosphorus absorption efficiency and phosphorus use efficiency among 17 soybean cultivars. Gained from the
comprehensive analysis, the cultivar Brazil 11 was qualified as a high-efficiency phosphorous germplasm, whereas

Heinong 35 was a low-efficiency phosphorous germplasm. Moreover, the phosphorous efficiency of cultivars Gandou
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10, Gandou 11 and Gandou 12 derived from the parental cultivar Brazil 11 was higher than that of other soybean

cultivars in Jiangxi, showing higher tolerance under low phosphorous stress condition. These spring soybean cultivars

significantly enhanced the tolerance to low phosphorus stress, and thus became important to promote the development

of spring soybean in Jiangxi province.

Key words: spring soybean; low phosphorus stress; phosphorus efficiency
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Table 1 Net photosynthetic rate of soybean cultivars ( lines ) under different phosphorus levels

i B () FRAK IR Ht A% (umolCOy/m*-s ) Pn 1 (% )
No. Cultivar ( line ) Source {iKH% LP I L NP Range
1 105 WES 105 x 711 13.606ab 23.724a 74.4
2 i1y WEL 105 x B 11 13.928ab 21.756ab 56.2
3 oy WEG 105 x g 11 12.953ab 18.330bcde 415
4 WD 10 5 ANHHE x WAH 15.678a 17.697cde 12.9
5 tLg 11 SEIpNEEAS 11.263b 18.117bcde 60.9
6 AR 19-15 HE 40 x PG 11 13.002ab 19.562bcd 50.5
7 TG 40 e W x FAE 13.195ab 15.481ef 17.3
8 A 19-34 MEE 265 x B 11 12.216b 19.726abed 61.5
9 iR 19-62 MEE 265 x B 11 13.783ab 21.343abc 54.9
10 WEE 26% BAE x WMEL 145 15.307a 21.241abc 38.8
11 o445 ANHE x @l 21 11.007b 18.223bcde 65.6
12 8 WE3S x B 45 11.604b 13.655fF 17.7
13 B 95 I 01-49 x {5 035 11.460b 13.409f 17.0
14 a5 5 WiHE25 x K25 13.274ab 19.263bcde 45.1
15 W25 BT x BRH—5 13.887ab 17.715cde 27.6
16 KigE1 5 T 32 x T 29 13.429ab 17.996bcde 34.0
17 e 35 o 16 x LK 12.760ab 16.370def 28.3

ANl BRI 22 5 BT KT (P<0.05), R 1]
Different letters indicated significant differences ( P<0.05 ), Pn: Net photosynthetic rate, LP: Low phosphorus level, NP: Normal phosphorus level,

the same as below
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Table 2 Total dry weight and root-shoot ratio of soybean cultivars ( lines ) under different phosphorus levels

G “B”_W ( g ) HTHE (g) TDW F— HIELE RSR S
No. Cultivar ( line ) {H LP 1EH RS NP icw% LP IEH L NP

1 HE 105 4.450ef 12.203bc 0.365 0.590a 0.299ab 1.971
2 a5 7.123ab 16.297a 0.437 0.445bcdef 0.300ab 1.485
3 i 125 7.193ab 15.530ab 0.463 0.462bcde 0.323a 1.432
4 WES 105 5.703cd 16.210a 0.352 0.436bcdef 0.204cd 2.140
5 B 11 6.100bcd 14.040ab 0.434 0.505abc 0.278ab 1.815
6 A 19-15 7.410a 15.673ab 0.473 0.475abed 0.297ab 1.601
7 Hig 40 6.893ab 12.293bc 0.561 0.448bcdef 0.257bc 1.745
8 AR 19-34 7.310a 15.770ab 0.464 0.376defgh 0.253bc 1.485
9 AR 19-62 6.603abc 16.250a 0.406 0.389cdefg 0.192d 2.019
10 W 26 5 6.597abc 14.800ab 0.446 0.349¢fgh 0.191d 1.821
11 a4y 6.670abc 16.683a 0.400 0.457bcde 0.181d 2.523
12 B85S 5.377de 14.180ab 0.379 0.340fgh 0.213cd 1.593
13 AR 7.070ab 13.340ab 0.530 0.314gh 0.156d 2.011
14 B 15Y 5.623cde 15.153ab 0.371 0.493abcd 0.330a 1.493
15 Wits 2 7.203ab 12.943ab 0.557 0.547ab 0.309ab 1.770
16 KFe1 5 6.350abcd 12.100bc 0.525 0.496abc 0.278ab 1.780
17 A 35 4.020f 8.973¢ 0.448 0.263h 0.155d 1.691

TDW: : Total dry weight, RSR: Root-shoot ratio, RV : Relative value, the same as below
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Table 3 Phosphorus absorption efficiency of soybean cultivars ( lines ) under different phosphorus levels
. SRR (mg/ B ) RPN (mg/ B ) MBI (mg/ )
i nnC?lltE\:i) PAES HIRHE PAER HHxH PAEP X
No. (line ) B Ewpm RV B Ewps RV B Ewpwm RV
LP NP LP NP LP NP

1 B 105 1.907cde 5.790f 0.329 0.694bcd 1.395bc 0.497 2.601cdef 7.185¢ 0.362
2 BE 115 3.052a 7.978bcdef 0.383 0.945abc 1.721ab 0.550 3.998a 9.698bcde 0.412
3 124 2.298bc 7.713cdef 0.298 0.884abc 1.575abc 0.562 3.183abced 9.287bcde 0.343
4 WHEE 105 2.040bed  10.126bc 0.201 0.755bcd 1.373bc 0.550 2.794cde 11.498b 0.243
5 Py 11 1.857cde 6.217f 0.299 1.202a 1.400bc 0.859 3.059bcde 7.617de 0.402
6 A 19-15 1.870cde 9.283bcde 0.201 1.038ab 1.886a 0.550 2.907cde 11.169bc 0.260
7 540 1.922cde 6.132f 0.313 0.839abc 1.225¢d 0.685 2.761cde 7.356¢ 0.375
8 AR 19-34 2.241bc 9.561bcde 0.234 0.858abc 1.517abc 0.565 3.099bcde  11.078¢ 0.280
9 R 19-62 2.109bc 10.637b 0.198 0.788bc 1.168cd 0.675 2.898cde 11.805b 0.245
10 WA 265 2.656ab 9.821bed 0.270 1.204a 1.218cd 0.989 3.861ab 11.040bc 0.350
11 45 2.167bc 13.908a 0.156 0.871abc 1.505abc 0.579 3.039cde 15.413a 0.197
12 8 1.332de 9.480bcde 0.140 0.602cd 1.256¢ 0.480 1.934fg 10.736bc 0.180
13 W95 1.715cde 9.624bcde 0.178 0.675bed 0.816de 0.828 2.391defg  10.440bcd 0.229
14 HE 155 1.588cde 7.160def 0.222 0.774bc 1.843a 0.420 2.361efg 9.003bcde 0.262
15 Wik 25 2.143bc 6.151f 0.348 1.217a 1.465abc 0.831 3.360bc 7.616de 0.441
16 K15 1.619cde 6.970ef 0.232 0.873abc 1.261c 0.692 2.491def 8.231cde 0.303
17 2k 35 1.306e 9.785bcd 0.133 0.360d 0.568e 0.635 1.666g 10.353bcd 0.161

PAE-S: Phosphorus absorption efficiency of shoot, PAE-R: Phosphorus absorption efficiency of root, PAE-P: Phosphorus absorption efficiency of

plant, the same as below
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Table 4 Phosphorus use efficiency of soybean cultivars ( lines ) under different phosphorus levels

. SRR AR (g/mg) HRBEFHIACE (g/mg) SR FHACE (g/mg )
i “ﬁéj‘r) PUE-S A PUER A PUE-P A
No. (line ) (6% Lp TEH Bk RV (fE% Lp I RY (6% Lp TEF R RV
NP NP NP

1 12105  0.501h 0.545ab 0.920 0.780abc  0.676bc 1.154 0.577h 0.569a 1.013
2 B 115 0.539gh  0.532abe 1.012 0.777abc  0.689bc 1.126 0.593gh  0.562ab 1.055
3 W 125 0.756cdef  0.504bcd 1.500 0.857ab 0.839a 1.022 0.778cdef  0.557ab 1.398
4 MES 105 0.694efg  0.444de 1.563 0.770abc  0.691bc 1.114 0.711efg  0.471c 1.509
5 B 11 0.745cdef  0.597a 1.247 0.640cd 0.732ab 0.874 0.677fgh  0.617a 1.097
6 AR 19-15 0.900abc  0.445dc" 2.025 0.772abc  0.627bc 1.231 0.852bcd  0.475¢" 1.793
7 g 40 0.826cde  0.536ab’ 1.542 0.918a 0.694abc 1.322 0.840bcde  0.561ab’ 1.496
8 AR 19-34 0.794cde  0.442de" 1.800 0.786abc  0.712ab 1.104 0.791cdef  0.477¢" 1.659
9 AR 19-62 0.752cdef  0.426def” 1.765 0.787abc  0.760ab 1.035 0.760cdef  0.458¢" 1.659
10 WHET 265 0.614fgh  0.425¢f 1.446 0.535d 0.660bc 0.810 0.571h 0.450¢” 1.268
11 B4 0.716def  0.350f" 2.048 0.793abc  0.563c¢ 1.408 0.733def  0.369d" 1.984
12 a8 1.054a 0.411ef” 2.566 0.752abc  0.665bc 1.131 0.949ab 0.440cd’ 2.156
13 %595 1.050ab 0.400ef” 2.622 0.836abc  0.728ab 1.149 0.990a 0.427cd” 2.320
14 HE 155 0.793cde  0.527abc” 1.505 0.808abc  0.676bc 1.195 0.795cdef  0.557ab’ 1.426
15 WiE 25 0.760cdef  0.542ab” 1.401 0.668bcd  0.696abc 0.960 0.718¢fg  0.571a” 1.257
16 K15 0.882bcd  0.455cde” 1.940 0.840abc  0.696abc 1.207 0.865abc  0.491bc” 1.760
17 ok 35 0.817cde  0.265¢" 3.089 0.793abc  0.709abc 1.118 0.805cdef  0.289¢" 2.787

* SR Rl (4 (ERR R IE LR AR I ) 22 5 W (P<0.05)

* indicated significant differences between low and normal phosphorus level of the trait ( P<0.05 ) , PUE-S: Phosphorus use efficiency of shoot,

PUE-R: Phosphorus use efficiency of root, PUE-P: Phosphorus use efficiency of plant, the same as below
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Table 5 Phosphorus concentration of soybean cultivars ( lines ) under different phosphorus levels

N B (mg/g ) B (mg/g ) SRR / AR Wi B
G ””*TF ») PC-S HIXHE PC-R HIXHE PC-SIR
No. R EHGE RV R EEge RV R

LP NP LP NP LP NP

1 B 105 2.003a 1.854fg 1.080 1.282bc 1.493abc 0.859 1.562 1.242
2 15 1.857ab 1.8791fg 0.988 1.299bc 1.453bc 0.894 1.430 1.293
3 125 1.409cde 1.986detg 0.709 1.168¢c 1.213¢ 0.962 1.207 1.637
4 HFET 105 1.540bcd 2.255cde 0.683 1.310bc 1.511abc 0.867 1.175 1.492
5 Mg 11 1.384cde 1.727g 0.801 1.777ab 1.375bc 1.293 0.779 1.257
6 AR 19-15 1.116ef 2.270cde 0.491 1.317bc 1.595ab 0.826 0.847 1.423
7 T 40 1.212def 1.867fg 0.649 1.179¢ 1.475bc 0.799 1.028 1.265
8 R 19-34 1.265def 2.298cd 0.550 1.284bc 1.454bc 0.884 0.985 1.581
9 A 19-62 1.330de 2.349cd 0.566 1.283bc 1.333bc 0.963 1.037 1.762
10 W 26 45 1.654abc 2.359cd 0.701 2.042a 1.522ab 1.342 0.810 1.550
11 HWr 45 1.407cde 2.947b 0.478 1.278bc 1.782a 0.717 1.101 1.654
12 W85 0.966f 2.434c¢ 0.397 1.350bc 1.512abc 0.893 0.715 1.610
13 LTSRS 0.955f 2.514c 0.380 1.196¢ 1.393bc 0.859 0.798 1.804
14 155 1.264def 1.911efg 0.661 1.244bc 1.493abc 0.833 1.016 1.280
15 Wik 25 1.326¢cde 1.857fg 0.714 1.503abc 1.443bc 1.042 0.882 1.287
16 K145 1.145ef 2.206cdef 0.519 1.238bc 1.437bc 0.861 0.925 1.535
17 A 35 1.228def 3.785a 0.324 1.312bc 1.411bc 0.930 0.935 2.683

PC-S: Phosphorus concentration of shoot, PC-R: Phosphorus concentration of root, PC-S/R: Phosphorus concentration of shoot/root, the same as

below

2.6 ARXEMMHBEREREETEN

2.6.1 HEXMES eHAt AR bR R ST R
Tl bE SRRSO ARBEIRICECR BB ISR |
SEE B PR AR AR R ISR Ol
VI R TSR B A A AR AR 12
bR A CPEREAT 20T, 45 2R 3R, 17 Al Ao
(4 12 D FEPRER AL LA OG G R Ah, HoAth 10 4>
FEbR o S 1 A s AR Z A A7 35 B
A B 1), H AR ST 5 5 Mo
B IEAR K SRR RO 5 B BRSO e
WBE PRI mi U BE A S 3 TR ARG, 5 B SR
SN I3 3 B AR OG5 IRBRE IR ROR 5 T
BRI 2 B 2 R AR OG, S AR A
FHACR 2 O OC s BRSO3 5 e B S
TEBEUR I P BB BN 0 2 TEAHOC , 5 T iR FH AL
AR AR 25 SR OC ; S A IR S
SV SRR 2 TE AR DG, 5 e i s 3 | e
MR Sl V- Rl A 8 2 SR OG5 AR

BRI 0 5 AR BRSO - 2k B b 3 1A
XK, AR v W S R OG5 B R AR S
BEMSCHCR BB OROR R TSR
e ik 35 FAH DG, 5 et 1) A 3R dnd 3 TR OG5 o
RS R NG & Y N & el 737 s
e S 35 EAH G, 5 e R FH 0K | BRI Rk
25 UM 56 5 MR 5 5 AR B R IKORSOR SF- Y i ik
JEE R Jb 2 TR AR OG5 AR R AR A 0 3 A G
S-S5y gt v 5 e I SOOI I IR TRE
VR AR VAR W S IE A G, S AR A FHA80% il
T FI) FH 803 LB 1) FH 503 il 2 2 A I 2 £
HH o

2.6.2 EWASM A MCHESTEER, X 10 4>
AR AR AR T A AT, FEAREE o i
AU R B3 Rk 38 AT I 19 B A8 Tl SRR
B, A 1, A 2 A iy 3 R BABLTT R R
H95.84% (% 6), R X 3N E XL F T
17 AL S FRBERCE AR EPEIR 95.84% BIfE B .
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Table 6 Component matrix and principal components analysis results of phosphorus efficiency traits of different soybean
cultivars (lines)

Bzt sy 1 WS 2 Gy 3
Index Component 1 Component 2 Component 3
BT TDW 0.056 0.511 0.849
SRR IR PAE-S 0.913 -0.131 0.340
HwE I CRC% PAE-R 0.332 0.872 0.132
BRI PAE-P 0.930 0.046 0.347
LB FHALR PUE-S -0.910 0.364 -0.012
A AR PUE-R -0.575 -0.621 0.448
SR A% PUE-P -0.937 0.276 0.016
T PC-S 0.888 -0.406 -0.058
MR R PC-R 0.584 0.691 -0.397
R EE PC-P 0.977 -0.052 -0.183
FFIE{Y Eigenvalues 5.93 228 1.37
Tk (%) Contribution rate 59.33 22.82 13.71
ZTIHAR (%) Cumulative contribution rate 59.33 82.14 95.84

®7 RERGTHAKXERRESEIEH

Table 7 Membership function index of soybean under low phosphorus treatment
R OSBRI CFEE EREA SR T B AR MR

fff Cilﬁ: in)e | MCGE Mk I RCR WK R ok ek jji
PAE-S PAE-P PC-P PUE-S PUE-P PC-S PAE-R PUE-R PC-R
5 Epg 11 0.663 0.859 1.000 0.849 0.953 0.631 0.771 0.893 0.921 0.838
10 WHET 26 5 0.550 0.674 0.875 0.757 0.856 0.499 0.999 1.000 1.000 0.801
15 wH2 5 0.861 1.001 0.695 0.778 0.863 0.516 0.723 0.750 0.519 0.745
2 WG 115 1.000 0.897 0.864 0.958 0.976 0.879 0.228 0.472 0.283 0.728
1 BT 10 5 0.785 0.718 0.929 1.000 1.000 1.000 0.136 0.425 0.227 0.691
3 W12 5 0.660 0.649 0.597 0.733 0.783 0.510 0.249 0.646 0.393 0.580
7 17 40 0.722 0.766 0.427 0.713 0.727 0.430 0.466 0.143 0.131 0.503
9 R 19-62 0.261 0.302 0.416 0.611 0.636 0.320 0.448 0.623 0.393 0.446
4 WHEE 10 5 0.274 0.293 0.506 0.703 0.720 0.475 0.228 0.492 0.240 0.437
8 WA 19-34 0.406 0.424 0.359 0.594 0.636 0.299 0.256 0.509 0.266 0.417
14 o155 0.355 0.362 0.467 0.730 0.767 0.446 0 0.357 0.186 0.408
16 K15 0.397 0.506 0.311 0.530 0.579 0.258 0.478 0.336 0.231 0.403
6 %4 19-15 0.274 0.355 0.265 0.491 0.560 0.222 0.229 0.295 0.174 0.318
13 AR 0.181 0.243 0.116 0.215 0.263 0.074 0.716 0.434 0.227 0.274
12 By g s 0.030 0.069 0.185 0.241 0.356 0.096 0.105 0.463 0.281 0.203
11 Ba45 0.091 0.129 0.149 0.480 0.453 0.203 0.279 0 0 0.198

=

0 0 0 0 0 0 0.377 0.484 0.341 0.134
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