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(1. Bl Bl be A SIE R T i, L 201403; 2. AWAKHR LAl 5 S
MO TR LN S gl / b st bl SRR =, il 201403;
3. MR RS, R T 570228 )

B E: R TR RIS . WA SR e Y E AR, A B TR Y
ORI B RIBLTL, R B A B SRR IR 2R S B 1 AR e e Skt . AR A B E A T R, I
BT, (ARHEAEAREAL ) | Tose CHERER 100 ke/hm?®s WREALFBEAD 50% ) | Togp (HEBSE 160 ke/hm®s It fL2E AL
20%) . T, Ciaft 200 kg/hm®; & BRI ) 4 ASA0HE, E ARG 15, 30 K 45 d T 1350 4w sk ol
DIEMRES (REKEE, RK) . WEraMat: CAVIRS R ) MEBEEHMEY (phoD . phoC Fl pgqC)
PR RE, I A AR A it ) e R M E AR 2R L Bl W D) SR B e B S A S B . SR RUREHEAR B, Uil
JIE 50% (i 100 ke/hm® ) i T RARST 45 d Ffid A HUARK A, #2085 TREAR)S 45 d FonfidR bra HLER A9 400k ,
Il st )38 T RS AR 30 1 45 d 3D phoC Fl pgqC FE R B BUE A o FREEUEY phoC T pgqC FER F 1
SR FR AR FIARBR A HLAR A 43108 2 B 3 IR ARG . Wi e 20% (it 160 ke/hm®) S8 MURGACAHEL, XH3&%
TR R L | AR DL SAR BRAE HILRR A 26 JC i 25 5, (L 35 (et 1 st 3t b L Sl . AR 201k

SRR R BA B MIERRAL R 23 [8], SRR RAR RIERS | Az T B34k LUK W [R) gl ol A 0 AL i 9 e

TS BB E R RBE

KGR : WEBHEAG MR AR IREE; R BRI AR (RIS SR

B AE RDHR KRS IROLR, 41
BRI R I R SR,
WA E B - 38 v 2 2 5 B 45 5 2 A R B TR
e, PRYE LR BT T2 g R e 2
Yy e AP, 3 A R T RS B 2 |
ARG I, 3R e & AR A O R )
AR BRI %

NAERHRBEZRAF IR A RS, Y2
5 AR AR AR T 2SR A A P R 5 — R B 7
PEHLBI ISR X SNA BRI L pildn, 4Pk
AN RAARR,, EYEd R R AR, B
ARZR AR, HMHAREK Y, DIRRFBE K
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T ARIRAFAT TR S DA, AR A R il
A HLIR 0 4306, 1% b A e A MLES Fn T AL
W, DT 6 MR 2R X - i X M e -,
gt phoD . phoC Fl pgqC F& R W) ittt A 90 1
ST IR, fRUEXEATERER AL, Pe s R
b5 €I INTES S R R v ) STE I - ) 5|
ORI B A —E AR, B,
Cao 25 V'O & UE LR AR IE N, B I Bt
W EE R TR Y gR Y phoC FT phoD FER )
JE, $eTH T HEEAAWES . L EITR, TER
TaBEAKSF- T, A OB AR RIE SRR 5 A Bt
T2 DL b s - SR A I R, e R EY)
BRI, SR mERA RO

FREJE Bt K, il Atk K e &
gl =it SR SHEA ML, B SEFEAR
ZRWAEIE (0 it B e B 0 R AT A
AR T IEEASS, i X EYIR RIES 5 A5
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P B AR AS PR A2 1 Tt . AW FE LA A A TSR R
FH S, FFE w2 X T AR R B /
MRPRABURAAE . IR E IR R, AT ARt
2 RO IR B IR AR R S R E L], R R
SRAE PR R T WO DAL PR BRI AR A L SR BRI
FHRCRAEN , LB i SR R AL
ARk B AR LB S A o

1 #REFZE

L1 it

I R T T AR B A T BT AN
BlEBE AT E0 0, (30° 53’ N, 121°23' E), 3
KRR E 1, i g s &
# 141 g/em’, pHIH 6.8 (K:E RS 1) AL
W 16.7 gkg. &R 1.2 ghkg. 285 0.7 ghkg. THLA
(NH,-N+NO; =N ) 37 mg/kg. A 5 W 9 mg/kg,
A 94 mg/kg,

B EY) T, A R 16, T
Al BF B e 2 AR k. I R T E e X
TFFEH, 20 d S REF AL Pt — OB TR
Ho IR KPR, DARRRED I IE R
Ak,

WIS 4 DK, Ot A R0 0,
100, 160 #1200 ke/hm*, 3T} Ty Tospr Togor Tro
T, RE MU AL, 5 T, #HEL, T, HIE#HE 100% ., Tys
KV 50% . Tosp M IS HE 20%. H AR 56 I 4h T
2021 4E3 1, HAAEEE4ANEE, RAMALX 4
S, BAVNXERN 6 m x 3.25 m, AT
REEAT 3R 75, 40 emo &GRS HR BT E0 /s Xt
FAE. BEIE . EEACEAUE., BENIRE, i
N 905 keg/hm®s BEAE N 1L ERRES ; FRAC MERRRER, it
FEH 400 kg/hm® s A HUIESERARF LASGRES (R i
RIEPIHIVETTRL, & A HLIK 400 gke, M 22 gke,
S 12 g/kg, ST 35 g/kg (FROTE R DL )

B HUIE 5t 5K 6 me/hm?®, P, A PR A
A ML A 2400 kg/hm®, AN 132 kg/hm®, S A

72 kg/hm®, AN 210 kg/hm®, A HLUAE . AAE . #
JE. FRAESARME, (EHBEREILIERE, (LR
SorAn T e, BEERZE . EIRITBOK
1.2 FEacRESIHNE

FMFEARIGHS 15, 30 145 d 43 3 YORAEMFE
R IR, A B A IR i AT i 1 T 2 il
AR, WRRIESRE (RKHEE., IWREK) .
— 210 —

WRRAEHEE (CAHLER ) DL & e d v R
M (4atd phoD . phoC Fl pgqC FEH I FESE ) HIahE
1

WOAR I, BEHC | BRAERR, DAL ZEH N
Ly, BUK x 5 x 5520 25 em x 25 em x 40 em A9 5,
12 mm G, WA DR R, FHARRMN LI
G, RPN 3, KRR AR B
+ I R E T2 50 mL 0.2 mmol/L CaCl, 1% W& 1Y
IR 1 min A EHRPR B T, R 8
mL B E 10 mL B04, A 2 3 U P il
| ( Sicheres Trinkwasser, Munich, Germany ), i
ot A DR AR PRos IR ST ke, T -20°CF
TRAF, FIESOBUR @ e A LR

AN, PEEU1 BRAEAR, HEESAHIARZEEEEE 10 em
A FHARES ( HAR 10 em, /& 10 em ) BB, KR
ZNEEREGE, K e, TR R
( Epson Expression 1600 pro, Model EU-35, Tokyo,
Japan ) FA R AR, H WinRhizo ( Regent Instru—
ments Inc., Sainte-Foy, Quebec, QC, Canada) L
PR EAG, THEERR, ARYEAR AL T L B
A, TPRARKZ R, U KR R T 65C
T EER, WRATE, HEIREK,

FH 4 AE /N X 10 4 R 5 3£ 2 £ 58 (0~
10 em) FE&L, oF 2 mm i AR A, %2107,
14y AR IXT, P2 Olsen—P W E + 384 &k &
UYL 200 CTNRAE, RTINE SRR
IHARERIE R

{8 DNA 327 £2 ( Fast DNA SPIN Kit for soil ) 2 Bt
+ 5 DNA, FE T iR 40 66 EE T (Nano Drop
one, Thermo Fisher, USA ) 5 Fr #2113 DNA A9 5t
HHREE, /3 BIRFABEE DI 1 phoD 519)
J$51 1) . ALPS-F730 ( CAGTGGGACGACCACGAGGT ) /
ALPS-R1101 ( GAGGCCGATCGGCATGTCG ) ; phoC
S5 ) phoC-A-FI ( CGGCTCCTATCCGTCCGE )
IphoC-A-R1 ( CAACATCGCTTTGCCAGTG ) 5 pgqC & X
514 7 517 pggCf ( CATGGCATCGAGCATGCTCC) /
pgqCrl ( CAGGGCTGGGTCGCCAACC ), JE IR =F JF 3%
H Light Cycler 480 SERT PCR &4¢ ( Roche Diagnos—
tics, Mannheim, Germany ) ME, EDSEER PCR
(qPCR) SVARZ A 10 pl, f17 1 wL DNA 9. 04
pL IEmG 4. 04 pL ZIm5149. 5 pL SYBR Premix Ex
Taq ( Takara Bio, Inc.) 132 wL KF/K. SN 4AFN
F: 95°C., 30s, 60°C, 5s, 72°C. 34s, 40 M.
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WEGR G P RRRE R ZE . o0 de, OABEAE
105°C A7 30 min, SRJ5 65°C FHLTZEfHE, M
M ST E . MWBERRIGEE 72 d Btk ARG, 4>
MORAE/INX A BB EAREER, D &, BHUCR
SB[ SR B R E R I 20 4, MESEER, HET
ETHE, RS AERETE, ST 5 AR A
TSRS R LR B, 3d 2 mm B, WRBRAR - WL
SFUKTRIEA, B I e T A R . b
PSR T T 2 BEOIGE (mg/ BE ) = b -
WTE (o/ BR) x HEIBEEE (%) x 1000,
1.3 BdEsrt

FIIFH SPSS 25.0 AT B IR 2 5 22508, LLIHS
FIFE 15, 30, 45 d FaEmk K- XF B i bR AR KA
RAEE CEARKALRE ) | RPREHRHE (45
LR 73 ) A1 R B A=Y ( 4t phoD . phoC

N pgqC FER W EBERHUEY F 1) TR PRS2 L &
FERi A ZE | | SRSE T E B SC A]  2E
S (P<0.05),

2 ERESH

2.1 AT] it X 2 A R S

& LA H, 5T, /B, Toe F1T, 23
WEEPE R T B A, T ALEEF M L
whZE, L BT R LS TYES T, 4
[ TC 25 25 50 Ty sp b BEFR i Hb_L BB T 01 T
MRIZE, T, AbEENE . 2K R EENS. 5T,
FHLG, Tos, F1 Ty KPR 25 P2 1R T W2t dth I
BREE S i Ty A0 FRFE M M _I BT WC R & DA S
Rl B W T T A B, Ty AL PR Al |
BRI AR S S IR T T AR

x1 AEMEEEXHAAFMM AT, ZE. RELEFMBERKHIF N

Bzt e T, Tose Tose Ty

fEF (t/hm®) P 10.8 + 1.6b 14.7 + 1.4ab 156+ 1.2a 15.0 + 1.0a
TH (kg/hm®) n 1347 + 137aA 1581 + 330aA 1621 +238aA 1466 + 211aA
e 1217 + 130aA 1682 + 211aA 1342 + 136aA 1318 + 185aA

R 526 + 79hB 651 = 53abB 763 + 51aB 768 + 48aB

it 3091 + 266a 3915 +491a 3726 +318a 3552 + 384a

B (kg/hm®) nt 5.4 +0.5bA 5.8 + 1.5hAB 7.2 0.4aA 4.9 + 0.4bA
£ 4.4 +0.7bA 7.8 +0.2aA 7.120.8aA 5.0 =0.8bA

R 2.5+0.2bB 3.0 £0.3bB 3.9 +0.2aB 4.1%0.2aA

it 123+ 1.1c 16.6 + 1.4ab 182 +0.9a 14.0 + 1.2bc

T ARVNG R3OS R A R B2 8 hR 22 5 B3 (P <0.05), ARKESFRHIFRARGI T 25 Rz s bR

Z(P<0.05),

2.2 NIRRT i A e A A 1) 5
WME 1R, 5T, A, Tosp AHEE S
30 d WIS LA L5 45 d iR AR i
Tosp P25 125 15, 30 d B9 DLW i, T,
AEFRPE R TS 15 d AR DL R 45 d B
o 5515 d I, Ty AT, b3 7 0 AR Wy i B 35
T Tosp BT, SRTNEE 45 d IF, T,sp AEBRR A2
T T AR, BT 16.3%.
2.3 N[AaE F AR R I AR 1 R
i E 2 froR, 5Ty b #AHEE, T,s 40 BRAE HE
TH15. 30, 45 d FAMM KL WG, #ET
5530, 45 d IRARHARK s Tog FEARTES 15 d FHhHMR

ALK, RIS 30 d AT AR S s T, AbFEfE
T 30 d IR ATAR B B A LU AR K . BBk E A
45 d, Tosp ARG AR =T T AR, 17 Tygp 20
P AR 2 M AR K 5 T, b3 5, BRE
5515, 30 F145d, Tysp 40 PEF i HAR 1K 35 & F
Togp ALFE
2.4 AN[E] it X 2 A AR
M 3 iR, 5 T, ABEAI L, T AbBR4EE T
BAE S 30, 45 d AHLRRA &, FLARXT R gy
AR 16.0% . 29.4%, BARIGH 45 d, T, IR
HRBRA HLR & i T Ty A FE, Tysp AMFRFAARBRA
MR & i W2 = T Togp A1 Ty ALFH
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a [Ty [CTos0 a b a
2715 3T, b ;b 10 a ;_ k|
75 F L 2 o l
o g
s <8 b
< 2
~ 50 F ~ 6 F
= = :
0 b
= . ab @ & g 4+ ab
#H 25} e b b
pbb dd H r aa a a ﬂ I
, Lol o Lewmim
#15d %530 d %545 d 15d 30 d 545 d

B1 AREEHENBHREE 15, 30454 Hini EHEME (o) FBERKE (b) AW
T ARVNGTHREORE 15, 30, 45 dANRBUKFZRER 2R B (P<005), TR,

0.60 100
a (71, El1, b g
Tosp -TP | b
a a .
~ 045F 3}’ 751 i Pl 7
5 k] e 2
g E
2030 — :14 50
} = A
N ‘ =
= 0.15 25f
0.00 — - o , —
5530 d 5545 d 515d 55304 5545 d

2 AREMEEMNERESE 15, 3045 d FHRKZE (o) FELRK (b) B

625 —[:]To TO.SP pqu %%m %&Iy\&% 45d PhOD N pqqc %#gm

A7, ST B, BHRE AT 30 d, Tysp Fl Tosp 4B phoC I
or PRI D050 35 8 T T A B, 23 B T 11.7%,
N R T w2 9.7%. 4345 d, Tys WbHF phoC e H ¥ I 4 i %
: ¥ . 5 B5 T Tosps To AbFE, paqC PRI #5 DUKL T, 5, 40 70 B
% i /] ZET T AbEE -
z ¢ 26 ARFIFE S T AR R AT RO
sk mE 5 FR, BBAREE 15 d RERES 1
EEECE YRR C 2 T, BAREH 30 d,
= = = it phoC . pgqC FEH B AW F B 5K %
H15d %530d 545 d

FEE R EIEAMAE (P<0.01), %545 d, wi5
B3 FEEBHENEMBRES 15, 30, 45 FHAN phoD FEH BT AE Y F 5 F R K % E (P=
FREI 20 0.013) . MK (P=0.031) 2 2 F X, 4
o o i phoC FE R U W) 3 BE S R A PLIR ) &% &
R - [ P 9 B 5 76 A AR 2R LU K 3 O A G
EEE]“‘F)T/‘J—\‘, E."T() ﬁi‘fiﬂﬂﬂﬁ, T045P\ To‘gp%ﬂTp (P=0034 )o
ALFREE S T56 15 d pgqC FERFE DIEL . 5 30 d phoC
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a [JTo CTos0 2T, ED Te gkt c .
a g T Y
— a — - ~ 20F
o 45[F a 1; a ) 71 b o %
= B = 6F =
ﬁa 30 ® st b
% 30F ‘S a \oo
= Z4 xaa Z ok
) ) b a ]
) i S b =
N§~< 15 baaa §< 2F b > g‘ 5k aabp
A TN 1 :
oLOOAM 0
H15d 30d 245 d 15d 30d 245 d $15d %30d H45d

B4 AEEBHENFEMBREE 15, 30, 45 d TERBBEREY phoD (a ). phoC (b) FpgqC (¢ ) BEFEHM

H15d £30d 45 d

X
B
S
B
NS
% - 0.22
s L —0.01
=
= -0.24

phoD phoC pqqC phoD phoC pqqC phoD phoC pqqC -

5 RBEIFE 15, 30, 45 d FARREESHEY phoD. phoC F pgqC B E BB AW RIEXES T
T P RIFIRAE P< 0.05 Fil P< 0.01 ZKEFAAMLRFFAE S 4005 phoD . phoC 1 pgqC FEDR B gt E 1 ik 3B AH G

. 45 A BB (B2, 3), SECRIRE SR

JTE

U6 it B T 509% (T ) BF 25 906 5 W i 5 i S
ARG 2 2 R, UL SE BRI 20% (Tog) 5
R N A LY b 2 a7 Oh b A Al (R
1)o L IRAIF 5% 45 5 3 BH 48 24 1k = 380 A it 3 b
Fofi M A 2R LG et W A A vk 0, 3 i DR b 2
WA, AT DLTE — o R R AR E 3 A 0
R AT AT AL 2 AT 20% (o)
P T IR, SR B AR 4y
MTFFEMZE, i, XSRS BRI AT B &5
(£ 1), XUEHFRZE., HEFRBEEETAA
KT RS 1, A BRAAR PR R 15 it v] LAl i g
HEREZE | M SRSLI LS, EORBRR IR E SR
Fonh b, FEARBE N ME F i DB 50% (Tosp) B,
JUE T e B R AE (T, ) AR A 3
R, (HR SR B AR (1),
X ] RE S F TRt AL B A 50% 1 R AR 26 30,

Ko S R A 7 i P AR R LA kit T~
JE 20%~50% B 1, ABATYTE T 20 B B 5% DAER B R

TE AW AT e FH £
VEYI DM RIAR 228 25 RIAR [ A B3 8 o 7+ 9
HBEAEAL, DGRBS RO H i R
ST fA W R A W i AT AL B RS M O LB Y
WAk, AEPEVEYIXT 1 RS CRIA T
EARKIE (T,) MIH, AHA Ak BRI it n] LA
HEMR R A L A WL 1 3 I T4 Tl B 2 0 1) 38
AR U BB R (B2, 3. 4), BHE
5515, 30 d AT TIR R RS AR, &
FORUt AL WA 50% (Tysp ) AbPEFE T b AR wE
Wi DA SR R A A K i I T R BB RE (&1 1
2), BRI, VAL 24 B IE 20% BRIV Ty 40 BHAS T 1Y
A RO PR T AR R W L R b b Y
FIAH CE L, 2), B, BrfEmais AR, W
FARRLEY REEN A, A S 1 #h
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P b b5 K ) it

Fe MR 45 30 F145 d, WAL BT 20%
(Tosp) MFRF AR RKIE . HARK . REFH LR
Gy U UL B SRR A 1 A v UG A BRLIG J  2
5, R HEE BT, AEOR B i _
A R AR IR T LA R AR R A
fRIArAE, 3 AT AE S IR0 B AT 20% Ab B 2 2 it
M 39 A WA ML A Ak B o ) ER S 2
WUt AL A BEAC 50% (Tos ) 5% MBEICAHLL, Ak
JE e 45 d TR AR LUARIG 80, ARPRATHLER &
R ERT (E 2, 3), HARKBINERE AR
R AR SCE AR 4> S, T AIAR i34 A Bl
FAEY W ORRCR A $E &, RIS R T4 e 5 o A
RN BRE B R AR T 1 AR LA S A LR 4
FRETIN,  E B R A X A S5 0 TR T £ L 1 el
e, AR AU 5 A AR 2R AEAS ELEE R
FHWA BES BRI A, DT B s A R il I B o
SR HOEARAR L, DI AL 50% (T,s) WK
T30, 45 d HIEPYID phoC Fl pgqC FRBEHEY)
A (L 4), R ZR A8 A LA LR 1 43 6 1
T AT RE R VR R M R BSOS W LA i [0 Il A
BEALE IR O R AR DR A AR S 5 DL S A AL
o WA RGN, i AR T A AR IR, 4
MRER AP A R AR B U E W R TR R, i
PEMEATERE VIR S (] 5), Fnf, +
Bemuk i E AR TR L, m T R Y
AR, WA A SO R N2 AR A O
PR, I8t fb 2= AR A B 02 UEVE Y AN AR 3 4 LA
FARBRA HLER A 730, i 38 198t 5 kA 00 ) 346
A, RS R WOBCRCR DL S A Wi A
MIRE ST, BRIEVEY M A, $E s mh A R
(#£1.2, K2),

AW AN R 2 F R AR RIE S A
PRRRAE 5 T 0 Wy mie R e i A S R Y T it
FEABEAE XS T AR R AR . R i Y LA S AR
Yrwls ) IR AEAE . DRt AT 50% B (A AR Ak
TEBORE ), LIPS phoD . phoC F pgqC F&
i E Y R SR L AR LA HL
M 5 0 IE ARG, R e i it 9 aE e
F, R4 REUAEE, SEEE AR, AT
YIRAAE AR 2RI S E 45 A B R 1 S R
(AR Ak, DT $aE e 5 %) W AR FH o 5 6 00 it S A
Fb, VB A A AR 20% B, 3G R 1R A
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Py AR B PR B Wit AL 2 B IE 509% B, AR R Wl
W AR AR AR i A B RE 0 B4 A 3 (e R AL M ISR
0 B e o R A IR b R L AR R A DG 1R A 1Y T
Ty, ABJR, VBRI S S 4 v 2R T A LA
T WRAC G A XS SR EE . I /N, RTRE
Tok FE RARAR F R WA ¥ 0 L AR A Wi AL
FORE ST, T I B A o i A B R
TEV VAR R I ARPR - BA= Wy ad R SR i
DBIRAFEAE IR A 7= B SRR 20 DR, AR
BRI, SR R AR / AR PR e
AR A= WIwkp s AL RE T, R R S B ARG
PR R WAL IR P ) B B LR

4 L5t

FER B AT AR 2R, 55 B AR A
Eb, B 20% 7T LA I PR A S8R R AN, PR
BRI AR, WU AL 2E B AL 50% B, AT LITE FE 4
KAFAR R B RCR A FIR, SRk e i Brxt +
B RPN IEILAE S, SRR BR A R, et
FRNEUIE o 7853424 AR 22 B IR SCRICR T ) A B £l 4=
YITE AL 0 RE 7 S A 2 o B A SR IR 2R AL
Jiti o L EEAIL A
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Phosphorus fertilization influences dynamics in root and microbial traits and phosphorus acquisition in Solanum
lycopersicum

HE Yi" > *, GAO Wei', RUAN Yun-ze', CAI Shu-wei'*, XU Si-xin""*, ZHU Hai-tao" *, ZHANG De-shan"" *
(1. Institute of Ecological Environment Protection Research, Shanghai Academy of Agricultural Sciences, Shanghai
201403; 2. Shanghai Scientific Observing and Experimental Station for Agricultural Environment and Land Conservation,
Ministry of Agriculture and Rural Affairs/Shanghai Key Laboratory of Protected Horticultural Technology, Shanghai 201403 ;
3. College of Tropical Crops, Hainan University, Haikou Hainan 570228 )

Abstract: Root morphological/exudation traits and growth of phosphorus-solubilizing bacterial in response to different levels
of phosphorus fertilization are critical mechanisms for increasing phosphorus uptake efficiency of plants and saving fertilizer in
intensive vegetable cropping system. Field experiment was conducted with Solanum lycopersicum ( S. lycopersicum ) with T,
( no phosphorus fertilizer ) , Tysp ( 100 ke/hm’, reducing phosphorus fertilizer by 50% based on the conventional phosphorus

application ), Togr (160 kg/hm®, reducing phosphorus fertilizer by 20% based on the conventional phosphorus application )
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and T, (200 kg/hm’, the conventional phosphorus application ) . To elucidate mechanisms of phosphorus uptake under
condition with reducing phosphorus fertilization, shoot biomass and phosphorus uptake as well as root morphological
(root length density and specific length ) and exudation traits ( rhizosphere carboxylate content ) of S. lycopersicum were
measured at 15, 30 and 45 d after crops transplanting. The abundance of soil phosphorus-solubilizing bacterial functional
genes ( phoD, phoC and pgqC ) were also quantified. Compared with conventional phosphorus application, reducing 50%
phosphorus fertilization increased root specific length, rhizosphere exudation of carboxylates and the abundance of microbes
encoding phoC and pgqC genes at 30 and 45 d after S. lycopersicum transplanting. There was a significant positive correlation
between the abundance of phoC and pgqC genes in phosphorus solubilizing microorganisms and the specific root length and
rhizosphere organic acid secretion of tomato roots. Reducing 20% phosphorus fertilization improved shoot phosphorus content
of S. lycopersicum at maturity as compared with those with conventional phosphorus application. There was a high potential for
reducing phosphorus fertilization in intensive vegetable cropping system. Maximizing the root morpho-physiological plasticity
and stimulating growth of soil phosphate-solubilizing microbes are the most important processes for achieving high production
and high phosphorus efficiency.

Key words: saving phosphorus fertilizer and enhancing efficiency; root morphological/physiological traits; phosphate-

solubilizing microbes; vegetable cropping system; crop phosphorus nutrition
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