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Effects of Phosphorus and Boron Coupled Deficiency on Soybean Growth,
Phosphorus, Boron Uptake and the Genetic Variations
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Abstract ; Five soybean genotypes contrasting in P efficiency were employed to investigate the effects of
different P and B treatments on soybean growth, P, B uptake, and the genetic variations at different
growth stages. The results showed : different P and B treatments significantly affected soybean growth, and
there were significant interactions between P and B. Among which, P availability was the primary factor
on soybean growth and B uptake. At the same B level, increasing P availability could significantly in-
crease soybean plant dry mass, grain yield and P, B uptake. At the normal P level, increasing B availa-
bility only increased plant dry mass and P, B uptake of the P efficient genotypes, but not the P inefficient
genotypes, particularly at mature stage. Improving B status could significantly increase the yield of P effi-

cient soybean genotypes.
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Fig.1 Plant biomass and phosphorus uptake in soybean in dif-

ferent planting seasons
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Tab.1 Effects of different P and B treatments on soybean plant dry mass g B!
e b HRE NG
BD2 HC3 HC2 BD2 HX1 HX3

AR PIB1 0.66 £0.05bC 1.28 £0.19¢B 1.73 £0.14cA  0.68 £0.06bC  0.97 £0.06cB  1.26 +0.03cA

P2B1  1.29+0.11aC  3.27 £0.06bB  9.16 +0.40bA  1.61 +0.02aC  5.35+0.32bB  9.35 +0.76bA

P1B2 0.87 +0.04bC  1.63 £0.09¢cB  2.13+0.12cA  0.74 +0.08bB  1.19 £0.01cA  1.34 +0.04cA

P2B2  1.31£0.13aC  3.72+0.06aB 11.22 £0.61aA  1.65 +£0.03aC  7.33 £0.32aB 13.42 £0.87aA
AEH PIB1 0.95+0.16bC  1.73+0.18¢B  3.39+0.14cA  0.88 +£0.06bC  1.37 £0.06cB  1.68 +0.12cA

P2B1  1.73+0.11aC  4.56 +0.10bB 14.46 +0.21bA  4.63 +0.14aC 14.89 £0.86bB 22.31 +0. 68bA

P1B2 1.09+0.11bC  1.82+0.10cB  3.86 +0.08cA  0.99 +0.05bB  1.57 £0.09cA  1.69 +0.06cA

P2B2  1.86+0.08aC  5.99 +0.17aB 19.32 +0.43aA  4.72 +0.15aC 17.14 £0.86aB 32.57 +1.93aA

1) B B2 81 R M4 H 0,50 pmol/L, P1.P2 4 51 55 0.2.500. 0 wmol/L; & b 533 % 4 Kk & L P {A = 450k
B30 A ARR A F IR — S AR B ALSE I LA (R B AR ) M A AR A H AR — 5 3 B — LS R ) A ] e A
(AKX BFAEF), B LA — MR T84 AT £FRLF(P>0.05, Duncan’s 3% ).

R2 AEEMKTRENZ=EEZFESNER"
Tab.2 Three-way ANOVA results of soybean plant dry
mass
i Fyz Fys
R T T
WE(P) 724.13 7 3164.40 ™" 686.45 ™" 1352.06 ™
M(B) 18.70 ™ 129.62™" 26.97™ 29.13™
FHNE(G) 495.79 ™" 2633.63 ™" 208.19 " 289.25™
PxB 3.79ns  82.99™ 21.41™ 26.28™"
PxG 310.06 ™ 1331.72™" 163.63 ™" 253.41 ™
BxG 6.23™  52.81™ 8.03™ 14.67
PxBxG 4.56™  38.67™ 7.84" 15.44 ™

1)“"7.0.05>P>0.01;“"7.0.01l >P>0.001;“"",
P <0.001;ns: R B ¥.
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Tab.3 Effects of different P and B treatments on soybean yield g - B -
HFRKE PN
Ab 3
BD2 HC3 HC2 BD2 HX1 HX3
P1B1 0.27 £0.02bA 0.32 +0.03bA 0.28 £0.02cA 0.37 £0.03bA 0.31 £0.04bA 0.34 £0.03cA
P2B1 1.65 £0.09aC 3.69 £0.26aB 5.79 £0.26bA 3.24 £0.16aB  13.35 £0.56aA  12.05 £0.74bA
P1B2 0.29 +£0.02bA 0.34 £0.03bA 0.34 £0.02cA 0.42 £0.01bA 0.35 +£0.02bA 0.35 £0.05cA
P2B2 1.79 £0. 10aC 3.76 £0. 15aB 7.76 £0.23aA 3.35£0.21aC  14.41 £0.18aB  17.75 +2. 16aA

1)B1.B2 %31 =K E A 0.50 pmol/L,P1 P2 % %] 7 &5 4 0.2.500. 0 pmol/L; & #3324 RELMGTFIHYM + 474
By AR — B RRAALRARK(ANEFEEAT) MOAR—FF R —ABRRA SRR (AKRE FHLEF), 5B
ERAF —NR FEH AT EZFREZE(P>0.05,Duncan’s i%).

R4 BWARELEX K SRR
Tab.4 Effects of different P and B treatments on P uptake in soybean mg -tk
T G LSy Ak
BD2 HC3 HC2 BD2 HX1 HX3
BAEY]  PIB1 0.76 £0.04bB  1.86 £0.05bA  1.96 £0.09cA  0.96 £0.07bB  1.41 £0.22bB  2.06 £0.06cA
P2B1  6.83 £0.14aC 21.24 +1.18aB  34.95+2.59bA  8.74 +0.71aC  29.18 £2.62aB  37.61 +1.91bA
PIB2 0.76 +0.05bC  1.94 +0.08bB  2.22 +0.03cA  0.99 +0.07bC  1.97 £0.09bB  2.50 +0.21cA
P2B2  7.04 £0. 34aC 23.20+1.99aB  40.59 +1.35aA  9.31 +£0.44aC 33.23 £1.73aB  43.66 =2.00aA
MEG PIB1 1.34+£0.12bC 3.01 £0.23¢cB 4.04 £0.48cA  2.15£0.09bC  3.09 £0.19¢B  4.08 £0.32cA
P2B1 11.52 £0.36aC  37.92 +0.54bB  66.66 +1.78bA 27.94 +1.63aC 105.87 £7.57bB 147.76 +2.74bA
P1B2 1.80+0.15bC  3.85+0.13¢cB  5.51 £0.68cA  2.65+0.04bC  3.45+0.19¢B  4.72 £0.19cA
P2B2 12.15+0.40aC  45.01 +1.20aB  82.64 +3.45aA 31.02 +1.78aC 130.31 £3.17aB 192.93 +6.76aA

1) B B2 81 S M54 0.50 pmol/L, P1.P2 4 1 55 4 0.2.500. 0 wmol/L; & b 533 % 4 Kk & L F {4 = 450k
BR300 A ARR) A F IR — S AR B AL S I A (R B AR ) M A AR H AR — 5 3 R — AL R ) A A M 4
(KB FHAR), 4G LA — AR 54 K7 £F R L% (P>0.05, Duncan’s 3%).

WERUR. EAE PLKCF I, 38 0 A % R S e AR 3R G
R (HAE P2 KF-IF 390 (A6 A X e AF 28 il Ao
BARRBE AR R A IR T | R AR LA
PR ¢ B o 3 A Al R A . LA, HC2 R HX3
AL P2B2 Ah PR RN R AL L P2B1 Ab LA R
FRE 53 5 B 9. 9% 1 16. 1% 5 Jl W 3 i 1
24.0% #130. 6% .
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Tab.5 Three-way ANOVA results of P uptake in soybean

Fioxw Fy

/ HRG
AT A N R U
WE(P) 1101.04 " 3119. 41 ™ 1259. 06 ** 2995. 13 ***
W(B) 4.71%  39.13™  7.46™  43.49*
FERAEI(G)  221.03" 730.53™ 186.51™" 494.11°
PxB 4.00ns  24.46™  5.08"  40.05""
PxG 186.04 ™" 596.22"" 159.14 ™" 467.71 "
BxG 1.80ns  11.32™  1.48ns  10.56 "
PxBxG 1.49ns 8.69™  1.06ns 10.44™

1)“*”.0.05>P>0.01;“"7.0.01 >P >0.001;* """,
P <0.001;ns: R 23,

6 FIRT A, T RFERGLEE KT,
Bl BTN [vi) Ak FHL 7K S Ko R T e A 400 R, 220 0 A Wl i
A5 M 13738 B e 2 AP BT A R 2 ) g i
AR B3 7 ST P 184 T g 54 0, 2 B+ 5 g A A 1 —
T (AT PR , W v 80 Ao B Y I i g
N2 WKV B 52 e B K. 7E B2P2 A FER, HC2 Al
HX3 [0 W Wi i 43 51 e B2P1 A4b B S5 274.5 % FlI
352.3 % (J&AEHT) ,220. 3% F1533. 8% (LA M) . 1]
D Ak X R B A A B ) R R A AN (] R
FIDESEVE FH. B -5 00076 K SR AR P A I S ) 52 B AR
FH 355 S A R A FHL ST, % DA T 5 R A8l 0y WA s AH
JE I 5 2 Wl AN B, 45 DR T R 8 T A 19 R A
B AEBIAS J B, o) Tl %) TR A0 250 TG B S 5 i 5 35
AV, 8w 7K - 6 35 41 1 4% K 2 ik R 7R B
A RN ) MR AC , TS 2 Al K T B, 398 3 7 S X6 i A1
NGRS EVES SRS -A IREDORT = & LN
o7 K DR AR PR A R I ) R S B S ) AR AR T B
gt e 8K T R R AR SR LA T I 2. A () A AR i K
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Tab.6 Effects of different P and B treatments on B uptake in soybean wg « B -
EEN I R SR
BD2 HC3 HC2 BD2 HX1 HX3
AR PIBI  20.03 £2.01bC 29.32 £0.73cB 52.97 £2.51cA 24.81 £1.31bC 31.20 £0.85cB 57.29 £1.31cA
P2BI  38.16 +£3.71aC 78.03 £6.51bB  107.98 £3.39bA  44.25 £2.39aC 77.99 £8.54bB  110.40 £2.25bA
PIB2  22.46 +2.73bC 39.85 £2.61cB 59.53 £2.06cA 24.94 £2.04bC 47.26 +4.13bcB 62.82 £3.11cA
P2B2  44.79 £1.19aC 94.44 +7.57aB  222.97 £11.97aA  47.38 £2.40aC  143.07 £18.08aB 284.13 £18.50aA
IR PIBI  20.44 +1.31bC 46.40 £2.92cB 86.41 £5.30cA 27.75 £1.54bC 55.67 £2.94cB 93.07 £2.96cA
P2B1  63.64 £4.16aC  114.04 +8.91bB  180.50 £12.66bA  78.51 £2.30aC  161.36 +10.67bB 221.97 +15.48bA
P1B2  21.56 +0.86hC 56.81 £3.74cB  106.41 £14.81cA  32.04 £1.63bC 71.76 £8.42¢cB 110.30 £4.34cA
P2B2  70.79 £6.99aC  180.56 +7.66aB  340.87 +14.04aA  83.46 +£1.30aC  404.64 +18.82aB  699.04 +£19.41aA

1)B1.B2 %3 =K A 0.50 pmol/L,P1 P2 % H| w= &5k A4 0.2.500. 0 pmol/L; & P42 4 RELGTIHM + 454
F AR AETYRR — SRR K (A NEFFEAT) M A MR EFTHE —FFF — L& 2 RF & E b
(AXBFHEAT) ,#BELEA—ANHRAFEE LT EF R EH(P>0.05,Duncan’s % ).

R7T REWRBH=EEHESHTER"

Tab.7 Three-way ANOVA results of B uptake in soybean
5 Ftrku Fiiw,
Pt A gl e il
W (P) 438.61 ™" 449.61™" 265.29 " 1315.71™
il (B) 82.99"" 84.55™" 87.57"" 483.58™
FERAI(G) 259.73 " 262.76™" 132.65™" 508.05 "
PxB 46.96""  49.17™ 61.09"" 392.90 "
PxG 81.72™ 50.57™ 51.39™ 236.73™
BxG 36.65™ 27.00™ 29.40™ 146.66 "
PxBxG 35.75™ 16.58™" 27.47"" 131.39™

1)“"7:0.05>P>0.01;“"7.0.01 >P>0.001;“" ",
P <0.001;ns: R B ¥.

3 i

R - S 24y oy i 5 PR AR Y 30% ~40% ,
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AR AT BIPT AR al DL SRsi A s A i ) £
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ST R A T 38 AR A 0 AR K B A PN 3R
WSRO S0 L WLF 2408 &Y SRS
FEMRG IR 15, B 5 H 1 750 9 32 AN (] 0 255 R 2 (R 7Y
BRI Al e = 0 2 . 6 4 R e T ¢ B Ak B
BF 45 AR BRI /N, I B SR AR IR, A K 5 5
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A A TS i o 0 A R 5 4 o A AR R Y 7 3
TR LT A SR A IO 5RO R SR
AP N RN TR R, 5 R R, fE/NE
AR ERSES, TP LS LR, Kl
RTINS AR 2R KRR A 4 i g T RETC | i A 4k B
T, BEE M R, S R R TR
R R 2 ko L 0 7 S £ 3 1 48 e S0 9 2 41 o 4 9
B R A AT, DT Ay A 090 o) 00 o £ K AR 2 441 e S 1
H™ — ATP 3, [t LB %) I 50 32 40 o 5 el tho A 1)
FERTA  IR AT, DRI A S5 7% 1 2 4 il 1A 42 %
AW MAT 55 7% I o L AR X

AR IR 2 TR e W - it 38 K 0T 35 D) A Al 5 %R ] L
A 52 SRR R Y 2 R Bl A (HC2 i HX3) >
ZC(HC3 AT HX1) > B (BD2 ) . @ IS [ 4b 2K
S Xof AN [ 8 3k 3 3 PR 780 K I 0 e o R
SR AN R 5 ) 3 AL BESOR A
S A AR d 2 5 3 KO B ke
A . 35 (1 A 3 O 35 R Y ) AR T o R A
5 E BB R, 30 R Ak . oE e vE e s Rk =
SE PR RURE B T O B AURERL P B A B R B X B ARk
s P G 58 3 R . 3 AT B U B Bl v RS B v R
FHIGAE.

B B S TR R0 %R 3 PR A6 K AT e L A
T FH AR AT AN [R) 2 8 A9 I 1) 38 TEL 28500 . 3+ 9 00 )
A B AR 0T Bl IR %) R S A N G s S AN
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