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Mobilizing Phosphorus in Red Soils by Root Exudates
of Wheat and Broadbean under Phosphorus Stress Condition

CHEN Bai-yan, ZHENG Yi, TANG Li

( College of Resources and Environmental, Yunnan Agricultural University, Kunming 650201, China)

Abstract: Incubation experiment to investigate the mobilization of phosphorus (P) in red soils with
root exudates collected from wheat and broadbean under P stress condition were carried out. The re-
sults showed that in comparison with control (pure water) , the available P of red soil developing from
limestones treatments of root exudates of wheat, broadbean, wheat and broadbean mixture increased
by 29.51% , 22.16% , 23.91% respectively, those from basalts by 6. 3% , 31.19% , 31.20% re-
spectively. The contents of Al — P and Fe — P fraction of soil inorganic P decreased, and O —P, Ca
— P fraction remained no change in both red soils developing from limestones and basalts in the incuba-
tion experiment. It is suggested that mobilizing soil inorganic P by Al — P and Fe — P can increase P a-
vailability.

Key words: P stress; root exudates; mobilize

TSP R A EERBNRZ —, AHEEER Rk, RAYEE, EYXT g
I el R BRI B 173 ~ 121 0 mEE BRI RCR B BRE £ HO P Y R BUR
HRRER T MR, SIETP R AR, ARV e R A AR R B B T A

W H . 2008 —11 -05  f&[EIH Y. 2009 —04 - 17
* FEHTH . ERHARRARES (30860157), “9737 JHRIATIBIZE L3 (2008CB117011) 5 AzgtEAT Mk (&lk)
BHFE T (200803030)
et : DR (1983 -), 4o, MRILR/RIEN, (ERBEOTAE, ERMFRIRE IR
* « JWIMEH  Corresponding author: ¥R, #(4%, Wit/E2I. E -mail: yzheng@ yanu. edu. en



870 RO R R R

%24 %

PIRRA W AW ARk, WARAR MY . RK LUK
MRARAEY R, AR AR R AR £
SRRV P W B O M, R — AR AR A A I
7

RN, WA WP RERCER PRI, 2
FEITERIE 2T S p 1E W A K A AL, R
Z U A LR | Tl TR I 55 o T A - o X
WRREA BRI SRS, R B
P30 T AR PTG A AR o3 A LR ) 6
ek (1 B %) b e pofi i e S AL S R R, B
FHARNBE TR, RAEREE

INAE A TR AR 25 P — R AR AR
PR DTS, ANE R BRI AT B B 2E 4
K, ZHEEWERIE AN, alHg s, Hrpd
wREENENEAREZ —, &5, W
WARTEE /N | TGRS ga b, BA
R, KAEBU R R, BRUSE
KIEIHE, 2 GRS T K BAT B A 23 M fiE
RESE ETRALAR PR, M A ) X35 P - Sl ) 0%
PRI T K X Wl R IR ML o 3 T AR IR
PR 8 25 PR RN R | e SR R W,
BIFTE XS AN R B o A o 2 38 r e ) 35 1L 2R
R, UWE— /N | T RIS SR A e
(/e

1 #RETE

L1 HRFR e

HNE (= K50) Mt (8363) Fhr7ecd
THEBE IR A S i &k 23495 —20, K4 B
FHZEMK M, FEARAE /4 B, R
3L, BT 8 AN /NFL, BRAE/INEE REAL 2 BRI,
MfER AL 1 R, IRIEAINE . BEAELS—
W, B—1fLES, HRGES 10 K, B
3 dJEH 172 EFRIK, 6 dJ5 iU p s SR H
R 3 ddfe—x, EFRW Y pH {HH KOH 5 HCI
PR 6.0 £0. 1, BREZSHES ., RERFE 20
~30 CzZa, MK25 CH:M 14 h (8:00 ~
22:00), HmK520 °C 10 h,

FERE A L IR S B R T LR WS R o W . WA
WRSIWYTE S KEE8:00 4T, 2h 5, ¥
TR E TR I, FHZE IR IOR AR 2 vpde 14,
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Tab. 1  The physical and chemical properties of red soil

do3E R/ X2 4/ RSt A/ AR LR
FH (g-kg™) (g-kg™") (g-kg™)  (mg-kg™)  (mg-kg™") (o ke )
soil total total total available available & g. pH
parent nitrogen phosphorus potassinm nitrogen phosphorus or,?e;:u?
matter (N) (P) (K) (N) (P) fatter
E}T(F 1.43 0.75 1. 68 138. 81 8.98 4. 67 6. 54
Limest-ones
2R 1.58 0.92 1.57 135.07 10. 43 4.56 6. 68
basalts
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Wl TR R, AR T AL RE T B
K WERERITWY) > RER R IBY > /N R

23 [ control blank
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2RI RE AR 7 d B3R B R R fe(E I S
NHEE R B (P<0.05), M/NEWRRSWY S
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Note: Different letters mean significant difference(P<0.05),the same as below.
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Fig. 1 Influence of different root exudates on available P content of limestones soil
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244. 42 mg/kg, Al-P, Ca-P & &R, Fe-P,

Influence of different root exudates on available P content of basalts soil

0 - P 5 ICHLEE M1 66.84% , 23.18% ; X it
FREIT IO Bl 231,67 mg/kg, AL-P
W& T A KA 5, L S
11.46% , Fe-P, O-P i LHL#E &= 19 61.50% ,
26.24% . WULAIHE, ZIETICHIBES 5, Ca-P
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Tab.2  Ccontent of inorganic phosphorus fractions of tested red soil mg/kg
- HERE PR R ER IR BRER Gik-Foy 2 RIS ER TCALBE
soil parent matter Al-P Fe -P 0-P Ca-P total content of inorganic P
Ly gy
:ﬁ.ﬁ(h IR 22.30 163.38 56. 65 2.09 244. 42
limestones
ZRT R 26. 56 142.48 60. 78 1.85 231.67
basalts

2.2.1 WEmERER (AL-P) fE TIPSRt
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3 MR R Y5 X IR 25 S B (P <0.05)
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LA R R R, BRI 1 d
INZERRZR I WA IR A AR 2R 70 WA ) 5 % B 22 ] 22
S (P<0.05), TSR ZR WY 5 x IR 2
FARE (P>0.05), HiJf3 ~ 7 d k3 ffibHt
X Z YRR R 2R (P <0.05) JHET
XFREOKF, 5401 3 A sk 255 06 B 2 ] O i 3 2%
(P>0.05) ZfbimBA BT i,
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Tab. 3  Effects of root exudates application on Al — P content
44 Kb Al-P &8/ (mg-kg™') Al-P content
soil treatment 1d 3d 5d 7d 9d
CK 21.35+1.1ab 22.97 £0.7 ab 23.77 £0.09 a 24.73£0.5a 24.86 +1.5a
Vo I 22.35+1.1ab 23.93+0.2a 24.53+1.8a 16.94 £0.9 c 23.52 £1.0 ab
limestones I 22.97+0.6 a 22.00+1.6b 23.00+1.2a 17.73 £0.2 ¢ 18.85+0.4b
I} 20.26 £0.1 b 21.74£0.2 b 23.75+0.6a 20.19+1.5b 22.47 £4.7 ab
CK 26.02 0.8 b 25.97 £0.5 a 28.62+1.1a 25.23£0.04 a 25.18 £1.0 ab
Z ke I 28.23 £0.8 a 20.91 0.3 ¢ 27.46 £0.1 ab 22.35+0.1b 26.19 £0.2 a
basalts I 24.88 £0.5b 22.11£0.1¢ 24.87+1.8¢ 21.12+0.5 ¢ 26.20£0.1 a
I 28.00 1.4 a 23.67+1.3b 25.71 0.3 be 22.91+0.5b 25.06 +0.3 b
I CK: ZEX MR 1. ANEWY; 1. Oy, M. Mg, &ORER WY, TR,

Note CK: control blank; I:

udates; the same as below.
2.2.2 BERRYEL (Fe -P) e T3Py & sk
M4 1A, XA Fe - P A & AR L
FE/NTE I N B, 2 RS [RIEE BT 13 | Fe - P
T EEWAR N, AR BE T Fe - P & i
A, SRS ~ 3 d, /NER Rk
Y Fe — P & TP RBALFOF AR 2 F 4 =
(P<0.05), &wUMARSIMPALIE Fe - P F AR
TXFREACE, IRAEMR R WTESS 3 d i 5%t
RhFE R B E (P<0.05), $35~9d W3
IR S XA Fe - P SR E TRBE, &5

II . broad

wheat root exudates ;
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WA BIAEEAN TR Br B Fe - P & @ 8T
Xt HEAR R, TRAFEAR 28 70 I8 ) AL A e 4 A il A
SRR e LR B R SRR S R
TEBEAS BB IR BT B AT iR 3 Rl AR 22 20 i Ak
UL T X BRAL B /N AR R0 I AL BIAE 3 d
M7 dmE, Fe-P ST, RERADBY
REPRAEHEAS S FRIHY] Fe — P & G 29I T XS AL B
TRAEMR R T WTE T d B, Fe — P & &5 T
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Tab. 4  Effects of root exudates application on Fe — P content

-1 KbF Fe—P &/ (mg-kg ') Fe—P content

soil treatment 1d 3d 5d 7d 9d
CK 147.85£1.6 b 153.35 1.0 ¢ 165.90 £1.0 a 159.42 £0.6 a 153.48 £1. 1 a
Vay &= I 165.14 £17.7a  153.77+0.1b 144.97 £0.4 ¢ 141.87 £3.3 b 140.44 £1. 1 ¢
limestones Il 130.11 £0.3 ¢ 130.60 £0.4 ¢ 143.99 £ 1.4 ¢ 139.45£2.8 ¢ 131.20 £0.9d
I 142.35£2.2bc  161.31 £0.9a 151.31 £1.3b 141.04 £1.7 be 150.38 £1.4 b
CK 137.86 £1.6 a  138.35+5.4ab  139.42+1.9a 123.48 1. 1b 145.90 £2. 1 a
P w= I 133.98 £ 1.4 b 139.48 £4.6 a 135.68 £1.5b 138.00 £4.6 a 136. 14 £3.4 b
basalts I 120.81 2.3 ¢ 121.31 £0.3 ¢ 134.70 £0.9 b 121.91 £1.4 b 142.59 0.9 a
I} 133.06 £2.0 b 132.02 £0.5b 131.74 £ 1.7 ¢ 140. 11 £1.5a 142.24 £0.2 a

2.2.3 MIESHE (0-P) fEtdedhrysiii YEMRFR W) O - P ST X IR, &

5 BN, 2 FMpEEE S X AR FR ) O - P
Fr AR B RS AR AR K, TR K
B I, REFEwiIEs 1 d XHBALEE O - P S 5iR
EMR R Z 2702 (P<0.05), 7ERF;
M3 ~5d, 3 FAEEAR R W IPERT, O -
P & AR K BT d/NERR Y. TR

AT I = TXHR, JF H/NER R w5
X Z B2 R (P <0.05), %59 d w3 AR
FOPIBPIAL R O — P & BT 0 RO 0 R 2
S (P<0.05),

TEL AR b, TR SR /N AR R o i
Yy, R R W O - P & & T X IR AL B
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B3 d, 3 FMR R IBYALEE O - P & T
TR ARALBEIF S X2 S B (P <0.05) . 7E%)
Sd /AR ZR 71 I Ml AR R 0 W) 5 0 B 22
S (P<0.05) . ¥i3r)E At 3 [ 5 37 )
W—2 RVNERER WY, RAER R Y

TR, EEARR YR TR K
AREET B A TR R O - P RIS A T ] AE
HHAR R AR KR A K, A 5 Tt
— LRI .
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Tab. 5 Effects of root exudates application on O — P content

+- 13 Ab¥p O-P &/ (mg-kg™') O-P content
soil treatment 1d 3d 5d 7d 9d

CK 58.51+2.9a 55.42 +1.6 ab 55.011.1a 53.82+1.2a 61.37 +0.8 a
Vay &= I 61.08 £0.9 a 58.16 3.8 a 56.28 +1.2 a 49.81 £0.7b 52.10x1.5¢
limestones I 61.09+1.0a 51.27 £0.4 ¢ 55.65+1.2a 54.20+1.9a 53.15+2.5 be
I 51.06 +0.4 b 53.15+0.7 be 56.49 +0.6 a 52.94+1.4a 55.65+1.8b
CK 56.72 +2.1 ab 55.92+1.1a 53.51+1.2b 56.82+0.9a 51.87 £2.2 ab
E W= I 60.35+2.2 a 53.37+1.4b 45.26 +1.9¢ 52.53+3.0b 54.43 +1.3 a
basalts I 55.57+1.6b 53.51+0.8b 58.94 2.4 a 53.97 +0.5 ab 49.11£0.7b
11| 58.89 +2.5 ab 53.49+0.7b 50.70 £2.9 b 53.89 +0.9 ab 54.94 +2. 1 a

2.2.4 @ERREGEE (Ca-P) 7EHIEPRYE R

ME 6 T LLE I, A KA RE AR AR 55T
R, 3 AR R4 Ab B 5 X IR 2 ) 25 S HOR
E (P>0.05), {HZELE 3 d /NER R 30
Y15 %8 GAR R AR VE AR 2R 3 W) 2 ] 22 5
B (P<0.05), ALXRARFIEFRLRE D, &
BSR40 3 FPAR 22 50 I 47 Ab B %o R 2 ) 2 22 5

BF (P<0.05), Ca-P &FiE¥mTXMEE, 71
FigR 3 ~ 7 d /NER R I RAEAR 2 3 184
S IRZ 225 3 (P <0.05), 1 SMRAD
WG X Z EIF RN B B EEES (P>
0.05) . fEXGFRIG WIS IR0 —2k, RI3 FhibaE
X Z B 2R (P <0.05),

R6 IRRNUWYI Ca-P ZEHNHMN

Tab. 6  Effects of root exudates application on Ca — P content

R kb3 Ca-P &/ (mg-kg™') Ca-P content
soil treatment 1d 3d 5d 7d 9d
CK 2.110.2a 2.28 +0.1 ab 2.40%0.1a 2.49+0.3a 2.38+0.4a
Vay o= I 2.31+0.1a 2.62+0.3a 2.32+0.5a 2.3120.04a 2.43+0.3a
limestones Il 2.28+0.1a 2.19+0.2 b 2.40 £0.2 a 2.29+0.4a 2.52+0.2a
I} 2.33+0.2a 2.42£0.1 ab 2.37+0.2a 2.50+0.04 a 2.36+0.2a
CK 2.110.1¢ 2.26+0.1b 2.45+0.1¢ 2.46+0.3 ¢ 2.20+0.1¢
2k I 2.71£0.1b 3.10£0.2 a 3.03+0.2 b 3.06+0.2b 3.22+0.2b
basalts 1l 2.77+0.1b 2.66 0.2 ab 2.80 0. 1 be 2.75 £0. 04 he 3.86 0.2 a
I} 3.17+0.1a 3.24£0.5a 3.46 £0.3 a 3.4420.2 a 3.45+0.2b

3 W54t

Jit FH AR 2R 73 U5 10 RE W A i v - S 2Ol )
o AWFTERIBRBENA SR AF T, AP R AR
oy UK o 1 A HLR R B R R AR WA R

PRI, RR S WY A HLER B
SR IO A A A A S B
5+ 5 EHBHE SRR HU R AR

TEIX PR R, B - b, SXTIRA L, 3
TR 73 s ) Ak P — 757 T 42 2 T 40 48 TP I PRI
75— 77 X IR IALBE R AR, S
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