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Effects of Phosphate Levels on Agronomic Traits of Soybean Genotypes with
Different Phosphate Efficiency Under Fe Deficiency

ZHANG Ming-hao, YI Zhi-gang, MENG Fan-gang, YU De-bin, ZHAO Jing, YAN Xiao-yan, ZHANG Wei,
QIU Qiang

(Soybean Research Institute, Jilin Academy of Agricultural Sciences/National Engineering Research Center of Soybean, Changchun 130033, China)

Abstract: In order to provide a theoretical basis for the rational application of phosphate fertilizer under Fe deficiency areas,
in this study, the effects of different P: Fe ratios on biological traits of soybean and genotypic differences were analyzed by sand
culture and split blot design, with P-efficient and P-inefficient soybean genotypes as the experimental materials, further
explored the relationship between agronomic traits and P/Fe traits in soybean, as well as effect of these traits on seed weight
per plant,and their genotypic differences, and comprehensively evaluated the response of P-efficient and P-inefficient soybean
genotypes to different P: Fe treatments by factor scores. The results showed that, at RS stage, the highest values of plant
height, stem diameter, leaf area, leaf dry weight, stem dry weight, pods dry weight, shoot dry weight and root dry weight per
plant of P-efficient genotypes reached their peak under P: Fe ratio of 300:30. Canonical correlation analysis showed that shoot
dry weight at RS stage of P-efficient genotypes was positively correlated with concentration ratio of Fe: P in seed at RS stage,
while shoot dry weight of P-inefficient genotypes was positively correlated with P concentration in leaves at R3 stage. The seed
weight per plant of both P-efficient genotypes and P-inefficient genotypes were correlated with Fe concentration in seed at R8
stage. But the effects of Fe concentration in seed at R8 stage on seed weights per plant of the two genotypes were opposite, this
indicated that Fe concentration in seed at R8 stage was an important indicator for genotypic difference of seed weight per plant
under low Fe condition. Comprehensive evaluation by factor score showed that when the P: Fe ratio ranged from 1 to 10, the
ACE value of P- efficient soybean genotypes increased with the increase of P: Fe ratio, while the ACE value of P-inefficient
soybean genotypes decreased with the increase of P: Fe ratio. In conclusion, under iron deficiency stress, P-efficient soybean
genotypes had the best comprehensive performance when the P: Fe ratio was 300:30, and P-inefficient soybean genotypes had
the best comprehensive performance when the P: Fe ratio was 30:30.
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Table 1 Experimental design of the main plot

Qb3 Treatment KH, PO,/ ( pmol -.71) W 2k P: Fe
CK 0 0:30
Bl 30 30:30
B2 150 150:30
B3 300 300:30
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Table 2 The impact of P: Fe ratios on agronomic traits of different soybeans at RS stage

T

Trait Genotype K Bl B2 B3 Mean P
X,/em Al 50.0 bB 50.6 bB 53.0 bB 60.0 aA 53.4 aA G=0.0232"
A2 44.3 bA 45.1 abA 45.6 abA 49.2 aA 46.0 bA T =0.0002 * *
SE Mean 47.1bB 47.9 bB 49.3 bB 54.6 aA — G xT=0.3164
X,/mm Al 4.9 abA 4.4 bA 4.7 abA 5.0 aA 4.7 aA G =0. 1265
A2 4.3 aA 4.5 aA 4.3 aA 4.3 aA 4.4 aA T =0. 8620
SE Mean 4.6 aA 4.5 aA 4.5 aA 4.7 aA — G xT=0.2922
X;/m? Al 0.016 aA 0.018 aA 0.015 aA 0.018 aA 0.016 aA G =0.0200*
A2 0.009 bAB 0.014 aA 0.006 bB 0.008 bAB  0.009 bA T=0.0617
SE3 Mean 0.012 abA 0.016 aA 0.010 bA 0.013 abA — G x T =0.4030
X, /g Al 3.9 aA 4.0 aA 3.8 aA 4.1 aA 3.9 aA G =0.0003 * *
A2 1.6 aA 1.7 aA 1.4 aA 1.2 aA 1.5 bB T =0.5369
-3 Mean 2.7 aA 2.9 aA 2.6 aA 2.7 aA — G xT=0.4217
Xs/g Al 4.4 aA 4.5 aA 4.4 aA 5.1aA 4.6 aA G =0.0002 * *
A2 3.6 aA 2.1 abA 1.9 bA 1.9 bA 2.4 bB T=0.5178
- Mean 4.0 aA 3.3 aA 3.1 aA 3.5 aA — G x T =0.2888
Xo/g Al 6.1bB 7.4 bAB 7.6 abAB 8.9 aA 7.5 aA G=0.0011"*
A2 6.3 aA 5.9 aA 5.6 aA 5.9 aA 5.9 bB T =0.2997
- Mean 6.2 aA 6.6 aA 6.6 aA 7.4 aA — G x T =0. 1060
X,/¢g Al 15.2 bB 17.0 abAB 16.9 abAB 19.2 aA 17.1 aA G =0.0002 * *
A2 12.3 aA 10.5 aA 9.7 aA 10.2 aA 10.7 bB T =0. 6549
- Mean 13.7 aA 13.8 aA 13.3 aA 14.7 aA — G xT=0.0782
Xy/g Al 5.9 aA 6.2 aA 6.3 aA 7.7 aA 6.5 aA G =0.0073**
A2 4.2 abA 4.9 aA 2.8 bA 2.4 bA 3.6 bB T =0. 6944
-4 Mean 5.1 aA 5.5 aA 4.6 aA 5.0 aA — G xT=0.0617

G FE PRI RI A 22 57 5 T B/ R AL BRI 22 57 5 G x TARFRIEN B 5B/ #R AL BRW) TLAE 22575 ™ - P <0. 05 AKFAAE 2257 77 P <0.01 JKFPAF

MR FERER . T,

G Difference between genotypics; T: Differences among P: Fe treatments; ™ : Significant difference at P <0. 05 level ;

difference at P <0.01 level. The same below.

“* . Extremely significant
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Table 3 The impact of P: Fe ratio on agronomic traits of different soybeans at RS stage

ik S Ty
CK Bl B2 B3 P
Trait Genotype Mean
Xo/cm Al 55.1 aA 56.3 aA 60. 1 aA 59.1 aA 57.6 aA G =0.0672
A2 53.8 aA 49.2 aA 50.7 aA 53.7 aA 51.9 aA T =0.7056
-3 Mean 54.5 aA 52.7 aA 55.4 aA 56. 4 aA — G xT=0.6367
Xip/mm Al 4.7 aA 4.0 aA 4.2 aA 3.9 aA 4.2 aA G=0.0186 "
A2 4.0 aA 3.7 aA 3.5 aA 4.0 aA 3.8 bA T =0. 5062
¥} Mean 4.3 aA 3.9 aA 3.9 aA 4.0 aA — G xT=0.6479
X Al 22.8 aA 20.9 aA 22.8 aA 21. 4 aA 22.0 aA G =0. 5407
A2 20.3 aA 24.2 aA 22.9 aA 24.2 aA 22.9 aA T =0. 8557
44 Mean 21.5 aA 22.6 aA 22.8 aA 22.8 aA — G xT=0.3348
Xp/g Al 4.5 abA 4.2 bA 4.5 abA 4.8 aA 4.5 aA G =0.0009 * *
A2 1.5 aA 1.5 aA 1.6 aA 1.6 aA 1.5 bB T =0. 4271
S Mean 3.0 aA 2.8 aA 3.1 aA 3.2 aA — GxT=0.7188
X378 Al 5.3 aA 5.0 aA 5.5 aA 6.0 aA 5.5 aA G =0.1642
A2 4.6 aA 4.6 aA 4.8 aA 4.6 aA 4.7 aA T =0. 8069
-3 Mean 4.9 aA 4.8 aA 5.2 aA 5.3 aA — G xT=0.8556
X478 Al 17.8 aA 13.7 bA 15. 6 abA 16. 4 abA 15.9 aA G=0.0072"*
A2 10.7 aA 10. 0 aA 10. 4 aA 10. 3 aA 10. 3 bB T=0.3258
44 Mean 14.2 aA 11.8 aA 13.0 aA 13.3 aA — G xT=0.5793
Xis/g Al 3.4 aA 2.6 bB 2.5 bB 2.7 bAB 2.8 aA G =0.0093 " "
A2 1.5 aA 2.1 aA 1.6 aA 1.6 aA 1.7 bB T =0. 2406
44 Mean 2.5 aA 2.4 aA 2.0 aA 2.2 aA — G xT =0.0527
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Table 4 The impact of P: Fe ratio on P and Fe traits of different soybeans

LERIN BRSPSl Ty PE
Trait Genotype oK ol B " Mean P-Value
Y,/(mg-kg™") Al 318.2 aA 307.8 abA 299.7 abA 269.5 bA 298.8 aA G =0.7103
A2 280.0 bA 347.0 aA 320.7 abA 288.2 bA 309.0 aA T=0. 1047
4 Mean 299. 1 abA 327.4 aA 310.2 abA 278.8 bA — G xT=0.2317
Y,/ (mg-kg™!) Al 66.8 bA 74.2 aA 69.5 abA 71.3 abA 70.5 aA G =0.3593
A2 61.3 bA 70.0 aA 67.7 abA 65.8 abA 66.2 aA T=0.0367"
-4 Mean 64.1 bB 72.1 aA 68.6 abAB 68.6 abAB — G xT=0.8791
Y,/ (mg-kg™") Al 2196.7 beAB  2055.0 cB 2520.0 aA 2441.7 abA  2303.3 aA G =0.0146"
A2 1611.7 bB 1503.3 bB 1741.7 abAB  2036.7 aA  1723.3 bA T=0.002
-4 Mean 1904.2 beAB  1779.2 ¢B 2130. 8 abA 2239.2 aA — G x T =0. 4806
Y,/(mg-kg™") Al 3176.7 ¢B 3246.7 ¢B 3515.0 bAB 3830.0 aA  3442.1 bA G =0.0459
A2 3560.0 bB 3741.7 bB 4405.0 aA 4451.7 aA 4039.6 aA T =0. 0000 * *
SE4 Mean 3368.3 bB 3494.2 bB 3960. 0 aA 4140. 8 aA — G xT=0.1807
Y, Al 0.16 abA 0.17 aA 0.13 beA 0.12 cA 0.15 aA G =0. 0650
A2 0.16 bB 0.21 aA 0.16 bAB 0.14 bB 0.17 aA T =0.0030 * *
SE4 Mean 0.16 abAB 0.19 aA 0.15 bAB 0.13 bB — G xT=0.4444
Y, Al 0.020 abAB  0.022 aA 0.019 bAB 0.018 bB 0. 020 aA G =0.3684
A2 0.019 abAB  0.020 aA 0.017 beB 0.016 cB 0.018 aA T =0.0016* *
-4 Mean 0.019 abAB  0.021 aA 0.018 beB 0.017 B — G x T =0.9649

x5 AEABYHKREFHETAERZSHEREBHMEK KA RBE X TS

Table 5 Canonical correlation analysis between agronomic traits and P and Fe traits of soybean under different P: Fe ratios

B HLRIAR R R AL P JAY ey

Genotype Canonical correlation coefficient Canonical variables

Uy =0.05X, +0.33X, - 0.23X; - 3.84X, —4.34X; - 7.85X, +13.52X, -
T e A P A 0. 60Xg — 0. 50X, — 0.06X,, —0.50X,, —0.05X,, —0.77X,; + 1.01X,
0.99 0.0353
P — efficient genotype +0.69X 5

V, =0.71Y, —=3.00Y, -0.42Y, +1.62Y, —1.44Y; +3.29Y,

Uy = —-0.02X, +0.53X, —0.72X, +1.82X, +5.57X5 +3.57X, —7.99X, +
AR AL R Y 0.20Xg - 0.72X, + 1.10X,, — 0.10X,, - 0.30X,, — 0.64X,; + 0.94X,,
0. 88 0. 0082
P-inefficient genotype +0. 18X 5

Vig =2.19Y, -1.22Y, -2.28Y; +0.70Y, -2.01Y5 +1.25Y;

R6 FEBMUEAEZMMBEMKEREBRMNERNZR L EIAFE
Table 6 The stepwise regression equation of phosphorus and iron characters of different phosphorus

efficiency soybean varieties with seed weight per plant

&S w1575 7% » s
Genotype Regression equation i
I o A e R A
AN W, =8.29-0.09X,, +0.38X5 -0.05Y, 0.0114 0. 0248
P-efficient genotype
HICE
BN Wi =2.74 -0.79X, -0.27X,, +0. 10X,; +0.002Y, +0.04Y, -54.81Y, 0. 0000 0.0153

P-inefficient genotype
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Table 7 The comprehensive evaluation for different

soybean genotypes under each treatment

SEH ACE
Genotype CK Bl B2 B3
0.021 -0.461 -0.057 0.497
P-efficient genotype
PR P 7Y
0. 124 0.287 -0.186 -0.225

P-inefficient genotype
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