WY AN 55465 1M, 2010461 51

A WX KSR ik s BCaY 520
- MY AN S

g Al REEAR R AWM 2T, TN 510642

RE: A EMT, FFR TR REAE S i K SARE T 3% B bh ek B R0 BEA 2ok xt K 2 ARG F 2% 5 Bic 49 % R AR i T 5%
KA G phaant ., BRE ST 0.125 mmol L' RAKBEM8 7 dvA W, K EARE P B2 3 8 Hom R . KB 14 d
HREZFAGRFFARTREFHNDE TR ARTILEZRS. X T RPKBEME T K2 KFME FFARF R0
B ERBY ALK B ARG BN AR 3G de, S A BK B AT R4 B KA G ) S AR 04 o B AL B AR e

KRR BEA 2OM; BB K2

Effects of Phosphorus Availability on Carbon Allocation between Shoots and

Roots in Soybean
ZHAO Jing, LIU Jia-Er,[YAN Xiao-Long|, LIAO Hong’

Root Biology Center, South China Agricultural University, Guangzhou 510642, China

Abstract: Effects of phosphorus (P) availability on carbon (C) allocation between shoots and roots in soybean
were studied in hydroponics. The results showed that the effects of P availability on C allocation between shoots
and roots in soybean mainly depended on P concentration and duration of P deficiency. P concentration higher
than 0.125 mmol-L ™" or duration of P deficiency shorter than 7 days could not affect the C allocation between
shoots and roots. But the net photosynthetic rate, root respiration rate of soybean decreased 14 days after P
stress and resulted in increased root/shoot ratio. Therefore, long-term P deficiency could reduce the total amount
of C assimilation and C cost on root respiration, but increase the C cost on root growth so as to facilitate the C
allocation to roots from photosynthetic C source.

Key words: phosphorus availability; carbon allocation; soybean

WY E KRBT = REFR IR, 55 MR A%
T AR A IR T 1 25 A A A B, 140 i
JBEGER . WA B R R Y DL AR 5 S
YA 1E H(Marschner 1995). AR 2 EY) R FEA
(A BRAC, CLFE A [ AL R 20 FiE 9 N IR o A
1, ICHE 23 J /> RuBP B AL B IR 2 & FIEE, FRAIC
TeE R, FMEDI S VR Ak R (Jacob
Lawlor 1993). {HAWAHRIEL W], GREESAT TR

9% A3 R A48 (Kondracka F11 Rychter 1997),
= o+ S RIRRE, AT & TR FRIOIM 2 . Ko
ZA47 7 T 5 (Ciereszko 5 1996; Kozlowska 22000). B 14 RO MRAE, BT S DR ARl . RS M

B I R R A g SRR SRR I SRR
B, WU FOBEABRACI G S Fape PP LR S.8-6.0 2L AR 28 €19 C (T
R, TR R A,

K IBPEL BRI B KA g sogssor e At 56

56 P 43 TEE 1) ) *  JEIEH (E-mail: hliao@scau.edu.cn; Tel: 020-85283380).

PLK & [Glycine max (L.) Merr. ]/l ‘BD2° 4
RIGA R AL A1 H 10% FRUEUK I 75
1 min/5 K5 #0175 21 & FH 1/4Hoagland’& 759K 78 4311
WA 3 dJE, ORISR
Frgcb R, F248 S 1/2Hoagland 72 72 A
F:2008). BEALPIIKREEST N 04 0.125, 0.25,
0.5 A1 1 mmol-L"!' KH,PO,. fEMFALELJGZE 7 KA




52 WY A2 B 4635 1, 2010461

), FHXTEERE A 80%, JGHEIN A) 24 12 hed™!, D SR
J£24 800 umol-m?-s™',

Thee (116t T3 58 20N AR BT X
(LI-6400, 3 [ Li-Cor 2 wl), M 5E I (Al 42 il 48 1A
8 KL ~10 g I ] N AT o

R IR 338 S5 PR 0 52 FH CO, 23 WA (EGM-4, &
PP Systems A ). Ml 52 [ [A] IR 2~3 g
A A ERRAFE, XU TR D) 2 mmAs A AR B, T
NIRRT 953 sl e R, B N AR L
FER B HI4E 25 °C, VIR 1 mine g%
SV G CO, RBEII AR o ARIPI IR R =( S N i
CO, W — [NV J7 CO, W)/ FREFH / Ji W 1]

D52 TS5 P A FE RN A5 R RIR N, BY T
FUA 2 emx3 em [, 0 0.5 mL ZE1R/K TS, 42
BB 1.5 mL (1 E5L 3 1, FRLL 0.5 mL 281K

[\
(=4

—
=2}

—
ne

<o

-~

YA /a0l (C0,) s

=]

PRV ER, VRSB I N B (1) 205, B
10 600xg 25> 3 mino WZHL 200 pL (fifef)ak 50 pL
() s MO AR, In500 pLAH B i 4 771,
FIIA U ZE A E 288 5 mL, 50 30 min &, 7EPK
700 nm Ab LG . SR BERCR I T EORYE 2 5K Ok
B RCR = Ve T/ AT I B (Liao Al
Yan 1999),

RGP T $iE 34 FH Microsoft Excel 2000
AT P RIBOIbRAEZE 05, IF I SASGE TR A kAT 5
Xl 2% 77 2= #1 Duncan % T LA 04T o

SMIEEES

1 BAEWEN XS KELAIF Y
K] 1~3 BoR: (DA RIREBEALER S 7 R IF K S
I EEREFATEK 1-a, F=0.17ns). 4k

0 0.125 0.25 0.5 1.0

0 0.126 0.26 0.5 1.0

B BE /mmol. L

BT WEAT R K el 5 TR (1 R )
Fig.1 Effects of P availability on net photosynthetic rate of soybean
a: WEALFLIS 55 7 RIOKIMR; br BEALRLSEE 14 RIGHM . Bdlidh 4 DRIV E L bsE Rz, TR,

407
k2o T T T
;"% 2.0
4
)
% Lo}
L
0 0.125 0.25 0.5 1.0
B BE /mmo1-L!

B 2 Bl M R SRR R AR R 1 R
Fig.2 Effects of P availability on soybean total biomass

ABFR 14 dIN, ANt AR 5 R e I T AL
B4 NAFRIR (B 1-b, F=93.3677). 14 d
ANTRAR B R AL B R R R S AR P e AR A A S o
TR R 2), ATt ol 1R R AR S A ) o 2 ok D
(F=22.85"") . IX%L3i B Jd ARG XT o 5 0
I M AN K, (RS2 B ol 3 (1)K S 0l A
2B, R R S S TR, A S EUER
BEY R D

(2) AN [ 3R S Tl Ak R PRI R ' 45 1ol 8 o 2 S Al
WEE 3, F=52.94""), 7EFTA MBI, 0.125
mmol- L~ i A B (R AR AR G 25 8RS K



WY AN 55465 1M, 2010461 53

e
[=}]
1

e
N
T

KBS E/ ol (CO,) -m2s7mg™ (P)
(=]

L[

0 0.125 0.25
BB /mmol L

(=)

B3 AT 28 K AR R R O & B RCR IR 52 i
Fig.3 Effects of P availability on soybean photosynthetic P

use efficiency
WAL BE 55 14 R E .

0.5

0.4} +
2 0.3
h=4
= 0.2

0.1F

. ]
0 0.125 0.25 0.5 1.0
PR /mmol-L

Kl 4 A R RS AR e L 2
Fig.4 Effects of P availability on the ratio of root to shoot

®
=)

|_|

T

L
IS

I
o

0 0.125 0.25 0.5 1.0
BERE /mmol.L!

B S AT 2P0 R AR PSP W 3k 3 ) 5 i

Fig.5 Effects of P availability on soybean root respiration rate

HRPPIR =R /umol (CO,) -mg ' (F) -5

(=]

2 BEYMXN XSS BRI

ME 4. 5 A (DEREBEAK 14 d FIRTR
job LU SR R, 1L 4 AR BE AL B[R] R RELAR AR
L ERABE (R 4, F=1.117). Uil 14 d (8
73S ERAS A NS 0L /i WS A 0] /A CIR A7 g e
A ) AR o (2) SR ) K AR AR R T R 30 6 K T 58
B, AR E R B 2 S B’ S, F=
16.927%).

U5 B

BB K DA VE T R — HAA 4.
Fredeen 55(1989) 1A A i 23 PR K W DG A5 4,
{H Kondracka 1 Rychterk (1997) A K K& 1A
WORAEGRBEIN A Ak . AL SR, kB 7 d
N, SR ElE 2 (R PR AR 1 e o T R e J 3 2
S(El 1-a)e HAUBEALTE 14 d IS, B 5 e
ANTRL e B B Ah B 2 [RDARELR: ) 9 B S A HE B 22
5, A5 4 AR FE AL FE 2 18] %A 25 5 (K 1-
b)o FT UL 25 e K AR e A 43 I 1 5 M A4
0 DA PR N L flp 3 BT ) R K

e A AN I K i R A o i, I e AR AR e
T LK TR 4) . 3TT4555(2006) AR B,
TEARBESAE N, SRR/ N 22 SR ) R AR et LE 3 i, AR
AR, PR AR T R TR O, DRI VR0 ik
TR ERBE (138 WY e ) it o AR S AR, ANt
KGAEB O APy i, e e my . X —45 1Y
ARSEHG BTN 53— AN AL EE 40 d (195250 0T 3k AR
) R LR R AR Tt Bl AR A fa 38 e — S (R e R ¢
Bl o FEBEARE(2007) FIRT 5T 0T, AR IR BT AL A
B E BRI 1/4~2/3, v WA AR
FEM— N F A R4y . AT, BiEhiE 14 d )5,
KRR IR 2T B (181 5), PRI ke A st
I, P b A A RRR P P e T R, R
S T e TR A KR, LOGE A
BIRELM .

S 30k

WIS, )7, Bk, AT (S, 5kI6W1(2006). HEY) SRR IR SEE
FE—IFES . EN SRR, AEFERE, 25 (12): 1580~
1585

BEBEK, B AED, 1(2007). K5 W0 ) T S0 AR ] /S 2 i et



54 WY A2 B 4635 1, 2010461

JGE BRI AT A B (R 5 . B ARV, 25
(6): 37~39

XUMG, JHERL, N FE, BELL(2008). AR A S EARMAK A KK
SR, R BTN, 44 (4): 726~728

Ciereszko I, Gniazdowska A, Mikulska M, Rychter AM (1996).
Assimilate translocation in bean plants (Phaseolus vulgaris
L.) during phosphate deficiency. J Plant Physiol, 149: 343~348

Fredeen AL, Rao IM, Terry N (1989). Influence of phosphorus
nutrition on growth and carbon partitioning in Glycine Max.
Plant Physiol, 89: 225~230

Jacob J, Lawlor DW (1993). Extreme phosphate deficiency
decreases the in vivo CO,/O, specificity factor of ribulose 1,

5-bis-phosphate carboxylase-oxygenase in intact leaves of

sunflower. J Exp Bot, 44: 1635~1641

Kondracka A, Rychter AM (1997). The role of P; recycling
processes during photosynthesis in phosphate-deficient bean
plants. J Exp Bot, 48: 1461~1468

Kozlowska B, Zielinski P, Maleszewski S (2000). Involvement of
glycolate metabolism in acclimation of Chlorella vulgaris
cultures to low phosphate supply. Plant Physiol Biochem,
38: 727~734

Marschner H (1995). Mineral Nutrition of Higher Plants. 2nd ed.
London: Academic Press, 265~277

Liao H, Yan XL (1999). Seed size is closely related to phosphorus
efficiency and photosynthetic phosphorus efficiency of com-
mon beans. J Plant Nutr, 22 (5): 877~888




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


