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Effects of Nodulation on Soybean Growth, Malate Synthesis and Exudation in
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Abstract: The objective of study was to evaluate the effects of nodulation on the response of malate synthesis and exudation

from soybean roots to phosphorus(P) availability. One soybean genotype YC03-3 was used, and inoculated with or without

rhizobia under both high and low P conditions. At both flowering and maturing stages, plant dry weight, nitrogen(N) and P

concentration, malate concentration and exudation were measured. The results showed that nodulated plants had higher bio-

mass and N/P concentration than those in non-nodualted plants under high P conditions. However, no significant difference

was observed under low P conditions. Malate concentration in non-nodulated roots was not influenced by P availability. How-

ever, malate concentration in nodulated roots was significantly higher at low P level than that at high P level at maturing stage.

Moreover, malate exudation was significantly higher in the nodulated plants than that in non-nodulated plants under high P

conditions. The results indicated that nodulation was involved in regulation of phosphate starvation responsive soybean growth,

malate concentration and exudation.

Keywords: Phosphorus availability; Rhizobium; Soybean; Malate

PR AE KRR EFRILRZ — [AEZ
Bt s R R PR VR LT 5 T, R o3 W O M LA
WOAE Wy 3 R AT ) T ) e s P ot (o« 0l e
BHWE) T LA R S AR SO BRI A A R A 3
ERE, MUER R R R T — R
2Pz il e e oy S repA (3 7) S TE I M e VR CIRS R
PRI AL IR R IR R AT DL 1 S

REJE—FE 2 1 SARMEY, BB 5 HE BIE
AR R . B Y LT EIRTR M E
FHER I A [ R A PR B T H S AR W B
RE MR RN SF R BT 5 A B, W LA
Bk 1 4 R A AL A U AR [ AR R
T A B DB K OB FRIR L. Qin 5 BF5Y
SER I 1R P2 o ARURE T AT LI 35 4 v R ™
o P PRIPTR SRR, SRR R R TR

%5 H #3:2014-05-27

gyt Rt TORE SN B VRO, 4 Ca-P,
AL-P Fill Fe-P 25 ) % AL A A o LAEE A BF 5T 3%
WL BR 1008 I, 43 i ) A HILIRR L = A 3 A
HEERHETCHLBR 10 EEHLE 2 o (U2, Rl R
JE TR R AR A A HILIR 5 SR 0008, AT 1 K
LA (G AL S aE . PR, AR ST AEA
Rl AL PR AE R, BIF 5 4 AR B0 R AR R SR
PR IR 73 A R 52 W iR A 45 988 7 DR W . fE
B e AR

1 MEEFE

L1 ##
PR W Bl v ROK B il 3R 033, 4 Fof
(R RRIRR T B PR D 4 R A R A AR R A ) 2 T 5 o

BE& WA FH R E SRR R ITHR973 1147 (2011CB100301 ) ; F 5K H AR % 345 (31301835)
FE—1EER N B (1988-) , 40, i+, FENFAY EFEMSE . E-mail; lijiaojiao. love@ 163. com,
WIRAEE R (1981-) 2, 184, BIBESE 51, 322 NS ) 8 28 BRI G BE5E o E-mail; liangey@ scau. edu. en,,



644 X =

B 41

O INEE 7 R e oy B8 24643 B A AR A ( Bra-
dyrhizobium elkanii) BXYD3,
1.2 KEigit

K HVE SR 5 07 20, B8 B A 42 A g
BRI O PR 22 Ah R, H e K SP-A 45 755 9 250 pumol - 1L
(HP) FUIEH#E 10 wmol - L™ (LP) s i AR IR 141 b 31Ky
AR (+R) FORERARIER ( -R) . B4
AEFR 4 YESE  BEPLHES ) .

KGR G B 2k K , ARs vkfE
B F 58 A R TT I, B 5 422 b b B 1) &) 1 0 AR I8 T
Wi 1 h FEATHUE R . TR 4R AR B AN
I 7K )8 FR O B 9%, BRI R 250 pumol - L™
KH, PO, , f&# Jy 10 wmol - L.™" KH,PO, , #HFHHHE
B4 R 150 wmol - L™' KNO,, 120 pmol « L™
Ca(NO,), +4H,0,40 pmol-L~" NH,NO,,30 wmol-L~"'
(NH,),S0,,300 pmol - L' K,S0,, 500 pmol -1~
MgSO, - 7H, 0,25 pmol + L™ MgCl,, 40 pmol - L.~
Fe-Na-EDTA,1.5 pmol+L~" MnSO,-H,0,1.5 pmol +L~"
ZnS0, - 7H, 0,0.5 pmol - L™" CuSO, +5H, 0,0. 15
pmol+ L ™" (NH, ), Mo, O, -4H, 0 F1 2.5 pmol « L™
Na,B,0, - 10H, 0, 3% J5 =& i id <, fi K 1 0. 01
mol-L ™" KOH 5% 0. 01 wmol-L™" H,S0, ¥ 5%k pH
P2 5.8 ~6.0, 5 i T —YCE W 730 T AL
VRN U B, OB AR 2R 43 WA ), R AT R S AR
oA fief T, FR 40 ot T 00 SR R v B, AR A
ISCART Ja 75°C H 1 2 18 5, ) e A PR 1 RN &
1.3 WEMBSAZX
131 ¥R®R&eZ WRISWYIEFI20 mL
52 o [HES FACHRBE (SIGMA A F], £/ #7408
4, RJ5 5 000 remin B0 5 min, Y B
T4 (Labeonco 227, &) ¥ BUB A, # 1

1 mL B AR, ERTRAF T -80°CUkAE, K&
MR PR A HLER ) 0.25 mol - L™" HCI #EA7 42 B,
JrAA RS T 0. 45 wm GBI 8, SR80S FH i 380
HEREX 1260 Infinity LC (ZHERA T, SR E) I E
SRR K K 220 nm BB 35°C , el
FHA C18 A (4.6 mm x 250 mm, ZEEE A A, £
), FshA K 0. 2% RifkRz .
1.3.2 PR Y TFE 0.2 ¢ BT
50 mLiF A, NS mL ¥ H,S0, i RACHS , 7E1H 4
b EA R IR AR O, A e 10 % H,0,,
ARSI T & A 1, 0,, HRE WG 5.
JRAS =) E 25 2 50 mL, RO 500 WL B 5 A
RKE 2 mL, R30I (SKALAR SAN + + , fif
=) M RS
1.4 HESH

KM Excel 2003 47 24 {1 A bR i 15 22 9 3
B, IFFIHT SPSS 17. 0 et it A5 75 22 03

2 HRESH

2.1 AEBKEEGTEBNRXETENZME
I 1 R, AN R 71 R P Ak B Sl 2 52 T
TR ELAE AL A ) . b SRR R A
TEARBE AT S59R X REH E AR AITAR R Ay T B
N, TERBRARAT T, 450 e oK b
FRE TR, JU R A A, S5 R A vk A T
R NE AR 2. 8 A5, (HUR, 49 2 R Ok
SRR, LA, S5 R IR AT E N
NG FR I 50% o X LL 55 KU 459 & 1 4k
URBEXT R G R AR o 55 oh (R B30 2 %
T TR B AR AR RS AR YR S e Ak B

FAE T AR T AR BEAY 10 120 %,

®1 HEMBAENEEHMRAPXETENRIE

Table 1 Effects of nodulation and P on soybean dry weight at flowering and maturing stages (g-plant™')
i T“jl‘
KH, PO, 12t AL A
) ik yEa i Flowering stage Maturing stage
KH, PO, concentration )
] Inoculation treatment i |- HR HRER AR i 5K HRER AR R
1-L~
/pmo Shoot Root Nodule Shoot Root Nodule
10 1.87+£0.07 ¢ 0.58 £0.03 b 0.04+0b 3.14+0.30b 0.68 £0.06 b 0.03 +0.01 b
Inoculation
N
1.96 £0.12 ¢ 0.67 £0.04 b - 3.19+£0.23 b 0.90+0.09 b -
Non-inoculation
s
250 4.55+0.32a 0.59+0.05b 0.40+0.03a 14.64+1.40a 1.19+0.06 a 0.65+0.04 a
Inoculation
N
3.66+0.12b 1.18 +0.08 a - 5.23+0.19b 1.32+0.09 a -

Non-inoculation

Blln o 4 WA E B LM = AR 22 ; R SVEUE BA MR T RROR 2253 R B35 (P >0.05) , T I,

Each valueis the mean of four replicates with standard error; The same letter in the same column means no significant difference (P >0.05), the

same below.
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Table 2 Effects of nodulation and P on soybean P concentration at flowering and maturing stages (mg-g~' DW)

KH, PO, %%
B

A

Flowering stage

A

Maturing stage

KH, PO, concentration
Inoculation treatment

H 3
Shoot

/meol'L’1

R Hh 18 R HB g
Nodule Shoot Root Nodule

o
10 s 1.01 £0.02 ¢
Inoculation

LR

Non-inoculation

1.05 £0.06 ¢

2

1.25+£0.09 ¢ 2.84+0.21 b

1.28 £0.03 ¢ -

1.47+0.06 ¢ 0.70+0.14 b 1.31 £0.09 b

1.55+0.08 ¢ 0.77 +0.05 b -

250 5.40+0.29 b 10.21 +1.20b 6.25+0.20a 5.62+0.43b 7.26+1.04 a 6.75+0.60 a

Inoculation

N

Non-inoculation

7.87+0.36 a 13.48 £0.62 a -

9.31+0.48a 6.86+0.76 a -

R3 FEEMBAEX RPN AR KT RRENTIE

Table 3 Effects of nodulation and P on soybean N concentration at flowering and maturing stages (mg-g~' DW)

AL

Flowering stage

KH, PO, Vi -
et

Maturing stage

KH, PO, concentration

1 Inoculation treatment b R Rt Hb |3 R Rt
/pmol-L~
Shoot Root Nodule Shoot Root Nodule
it
10 17.68 £0.16 b 17.86+0.74 a 48.02+1.90b 27.69 +1.17 a 18.70 +1.06 a 44.36 +1.85 b
Inoculation
Nt
16.58 £0.90 b 17.17 £0.46 a - 25.94+£1.27 a 18.25+0.59 a -
Non-inoculation
“hA
250 25.90 £0.81 a 16.90 £0.65 a 62.04 +0.86 a 31.75+5.31 a 15.00+0.75 b 67.08 £4.28 a
Inoculation
R

11.04 £0.24 ¢ 14.78 +0.37 b -

Non-inoculation

15.39+0.96 b 14.14 £0.50 b -
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LP: Low P; HP: High P; — R: Without rhizobium inoculants; + R: With rhizobium inoculants. Different capital or lowercase letters in

the same figure represent significant differences at the 0. 05 level. The same below.
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Fig. 1 Effect of nodulation and P on malate concentration of soybean roots (A) and nodules (B)
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Fig. 2 Effect of nodulation and P on malate exudation rate from soybean roots
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