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L1 et EskfEilEy

3 A8 AT AR TR - &) 5 BR 2 B ( Glomus etu-
nicatum Becker & Gerdemann) , i1 H A< T K2 R 2
*F 7 Sakamoto ZUFZHR I, AM EL I H Rl 2 25 4
AER =Y RS, S R R AR AT 22 A
R B IR G W o K FE i F . 4007 (Oryza sativa
ssp. 4007 ) o VE)I & Fh: o AE 84 - 24 ( Citrullus lana-
tus (Thunb) Matsum & Nakai. Zaojia 84 —24)
1.2 SESREFAEAER

B SR BV FIRDIE IR A (H VD b+ =
201 (wiw)) o BEAPEFCY AT HLES. 30 g kg™ s Tl A
1.4 mg kgfl; A R W 2.46 mg kgfl; WOk
38.5 mg kg_l spHOK: £+ =2.5:1)7.12, 3F 2 mm fL£
i A D L ARV 73 0 K L 1. 2 ARUER R KA 1 h,
I 2 ¢, KF . A :N(JR3E)200 mg kg ™',
Fe(EDTA-Fe) 5 mg kg ', Zn ( ZnSO, - 7H, O)
5 mg kg ', HEFRGIERHRS
1.3 AWt MEwER

IS T 2009 4F 4 H % 2009 4F 6 H 16/ 5 A4
R PRSI N BEAT . SR 2= M4 (18 em x
11 em x 12 em) 85 F2 3%, Kb E A 30 pm JE &
W B I, 80 A A ] /N B I = JE T B B AR
LMK ST FR50 0 AM HIE 20T LA R 2, K
Fer A0 PG 23 500 b 3 J T W A el 15 4 A Ak B
(1) AR FEOFNTE ST A el AM FL B (R-M/W-M) 5
(2) K AE A 4 b AM B8 10 75 AN A 32 Ff (R + M/
W-M) 5 (3) K AE M A $ Fl AM 2587 17 94 JIC A0 42 Fb
(R-M/W + M) 5 (4) 7K F5 00 F0 75 SR AN 35 35 Fl AM &L
W(R+M/W+ M), HE 6 K, BEAMRAHE AL
3 kg, IV BC 2 e e R PN, AM LR 2 Fh
150 ¢ T HHESRM T 3.5 em &b, AN HeM i 40 B A
A B 10 R TR T A A 1S ml B A B, DA 4 5 H A T
UL/ IEE S G

Kk G B KRG A1, B 10% H, O, ¥ W1 2
30 min, P, KR M35, 7853 WK , 8 T3 0
KB IEAR b, 7E 28°C R IR S M2 . B 82 FT YK
R of -1 B T ARAR , BEAR 2 0T, B4 R, KA AR
O I ] RE N 2 Bk SRR TEAR AR 9 55
— DU R VE I o 55 KR R R Y O 05 4 2 8 B R

Pl HE R, BEARAE 2 70, BT 2 kL, MV R K 2
OB R BT 1 RE . AR O [R] B e AE
7K, 98070 Tl A6 AR A 22 A ) 1438 38, Bk T 4k
BT FK TR RFFKEM 50% ~70% , ¥ 4
JERT 6 JEIN, FHAEHS 22 R WO IR B R R I
W 1/3, R AR AR SE B N, He K o4 O R
T BT K & B KR ARAR — MG B 500 ml, K5
8 JAWS Ak, LA o il i o

1.4 SHAE

141 HAHR YR T ARy o BRI AR B
AR R BTG 38 1 em KAGRE RS, B
MLPRHL 1 g ®EAR, A 1.8 mol L™'KOH &1 ,80°C
K 30 ~40 min, ZZIBKIERZ )G, - 2% HCL
A 10 min, FH ) 28 0 e €0, 8 R 5 0, L R H B
T 2 )5, BEALPEEL 30 ZAR BE il B OF B
K7 M4 Trouvelot 2l B 7 ¥k, FH “MYCO-
CALC” A H A EARAZ Y R (F% ) AR
MRAR YL o B (M%) | A= Y AR B 1Y 1A AR {2 e o
(m% ) AP MBI AR F B (a% ) FIRE S AR AR Y
IALFEJE (A% ) .

1.4.2 AR AP I M 1350 8 & & AR ProA 2L
B i M I 2 105°C %7 30 min J5,70°C 4t
T 48 h BEAN L . BRIBCHE ) FE &, A H,S80,-H, 0,
W BRI kI A . B HUR PR
B R L TR AT BURE , i Olsen 3 0 2 A 2

e 2. [19]
e

1.4.3 RNA $£HUFI PCR §1 BRI A7 K FEAR R
an 0.1 ~0.2 g, WA SIHIGIMA Trizol 15 1 ml, i
A 0.2 ml 7, B0 Ja W A 0.5 ml 5
B, B.OUUTE, 7 B3, 1 70% OB UE TR,
JH DNasel il fi# 7] e 5k 4% (0 5: K 41 DNA, RNA ¥ T
DEPC 7K, HI#E 5 HL UK 125 R0 43 51616 BE 1 1 A6 0 H: vk
JERAEE , MRS T & 3R By 7K R B IR ER e i P A
OsPTI1 ) mRNA JF%1) ( AF536971) [ PrimerS. 0
BAF BT 51, RN B Aciin 2R 51 9, LLVE A
ZZM, R 1, 51w B A R R A
A4 ;10 x PCR buffer ( & Mg’ ) .Taq DNA poly-
merase ( 5 [E ) ; ANTP mixture , DNA Maker DL 2000
(TaKaRa) . AN[R]4b BE A /K A5 AR 2R A9 60 RNA i 57 A
A LL Oligo (dT) Sy 514, 76 AMV RTase i {6 T ¥ 47
Pt 53 10, LAARTR Y 52 e 5% cDNA S A, 142 I
TG B S5 RS OsPTIT BE P 3£ 4T PCR 973 .
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Table 1  Primers and program used for PCR amplification

A 514975 18] 319751 PCR )7 KR
Gene Primer direction Primer sequence (5’ -3") PCR program Product length
w519
) GGAACTGGTATGGTCAAGGC
Forward primer 95%C 5 min, (94°C 1 min;55%C 30 s;
Actin 794 bp
FACEIE] 72°C 30 s) 30 cycles,72°C 5 min
AGTCTCATGGATAACCGCAG
Reverse primer
EmTH
) CGACGGACAGTAAGCCAGGC
Forward primer 95%C 5 min, (94°C 1 min; 56°C 1 min;
OsPT11 1 430 bp

FAnEIEY)

72°C 1 min) 30 cycles,72°C 5 min

GTCCCTGCTCACATCCGAAG

Reverse primer

L5 HiEgit

S BdE G0 o0 M BCpF SPSSTLL S B i ik 47
ANOVA 23 #7 , 3 il fe /1N 5 35 25 %k (LSD 0. 05) %
Ak BRR] F) 22 53 AT HEAE

2 R

2.1 #M AM ERNEMEABHARENEN
=AU
EE T AT LUA A ) 4 3R 25 0 T FAE K R A
PO A=y, $2 Bl AM 3 B0 78 JTCRT 52 A 7K A 19
AR W R T HL AR LR T e R
KAE M PG A i i 4 0[] A 42 b, X T 9 JICRT 5
VEIK R B0 A5 Wy i B AT 3 R
2.2 #™ AM HE X 8K N E RS
=AU
KRS PRI AR AM BRI, 5K AR
ARFNPGTARRIE iR AR o 4R AM B X 52 A KA

AR R DL 2A . R LUA TR R Rl A B
Joie AM E G H AT KRR PG T a8 2 79 00 ) It 42
il R AR BB AR AR G R K T 80% , 4= YL ik JIE 44 K
T 30% , 1 HL5 B A FEFAR 1L, 25 A KR AR R
T T 22 IR B R AR B4R e AR R e o 5 A BT
8o AR YT IUY , T R BT 22 7 £ 338 o 7K e T AR F)
AT RE A B R R HR AR 8 TR LU il i 7 22
B A= G o BB 1A B 15 FLHE b Ak B[R] 9 4R B8R

FEAP AM BB 0 8 IR AR IE B0 52 UL 1A 2B,
TEHERT AM ECTH A Ab 3], T0 I8 B4 1 b i 2 ol i
R 22 A7 ) A% 3, D4 TR B T AR AR e R B R T 70%
1RYLIRJE R T 40% . WRGDRELKFE , & PR
R 42 B 1) 4R Qe OR fe e, i B 5 R o 22 A (%
DERH EE , BBl Ak 2 AY 1= e 0 5 MM 2 A T
e S B 22 S R GK B R OK . I, PR
A 8 JE LU AN TR B #2207 SO0 T 0 R AR 1 2
A AR [ 9 B8R

. OR-M/W-M B R+M/W-M N R-M/W+M  [E R+M/W+M
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Ak A H_EAR

Aerobic rice shoot

(S

Aerobic rice root

VA b

Watermelon shoot

753 TR

Watermelon root

AR AL Plant sections

#: HFEEREFE R A ZRAEE p<0.05 (LSD) Note: The data affixed with the same letters in the same column
are not significant in difference (p<<0.05) by LSD test

1 S [R) A 3 2% T S A K R AN T A )

Fig. 1  Biomass of aerobic rice and watermelon in different treatments
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O R+M/W-M B R-M/W+M R+M/W+M
oA 100 - B
S Ol B2 SOt aa
g 8o ; 80F £ a 24 a
§ 70 ¢ % 70 F a 3
260 a N 60+ aa
S s a
2 50+ a 2 a Y S50t
; 40 F a O 40+ a i
=301 B30t
§ 20+t a,a ﬂﬂi 20t
0 Ll 1 1 1 1 O - 1 1 1 1
F% M% m% a% A% F% M% m% a% A%

iR 45 Mycorrhizal structure

BitR 4544 Mycorrhizal structure

#: (DF%, HHRYe3Mycorrhiza colonization rate; M%, 4N 2 B M2 Y4  Intensity of mycorrhizal colonization in the
root system; m%, 12t B H R YL i Intensity of the mycorrhizal colonization in the infected root fragments; a%, {23t
B iy A = B Arbuscule abundance of infected root fragments; A%, 4 Z i) AL 32 Arbuscule abundance of the root system.
QMR ERFREPEHZ A RB3Ep<0.05 (LSD) The data affixed with the same letters in the same column are not significant in

difference ( p<0.05) by LSD test

2 AM ERE R T RAEKR (A) MR (B) B ARE UK B

Fig. 2 Mycorrhizal colonization on aerobic rice (A) and watermelon (B) when AM fungus was inoculated to either or both of them

2.3 HFERKBIRRFSBEIEER OsPT11

Kl 3A ZKAEAR & RNA A9 i 3k 45 5, 18 3B 2
AR RS IA R B IR L i s P BE A OsPT1L 33
M4 o IIEITP AT DUE Y DIK RS JE R 41 DNA Dy fi
Mo OsPTL1 438 5| 4y TR i 9E 47 PCR § 38 11 BH 4 X
HEAT OsPT11 FEPI A 2545 PRI B R L/l AM L 1R

-M +M Mark NC

WK FEAR R A OsPT11 R 44 7= A, 7 I
e AL HR A K REAR 2 cDNA FEH BE A% D 188 ) R £
R R AL OsPT1L [ 25715, UE B b Ak 1) K
AW AM FER Y, NIMTiEF T OsPT11 IR
ik () B gk — 25 UE W P T 322 R A AM BB 3 0t
SMEE 22 E R & E ) 30 wm JE e ARG T K
FEAR 2R VNS AR KR R T 1 2245 o

-M +M P Mark

E: +M, R-M/WAMALEFIKRFEMR R -M, R-M/W-MEBLFKAEMRR; NC, K (BIHEXHR) ;
PC, KFGHRRZDNA (FHH:XTHR) Note:+M, rice root inR-M/W+M treatment; -M, rice root inR-M/W-M
treatment; NC, water (negative control); PC, DNA of rice root (positive control)
3 KFEM AR RNA BER AUk (A) FIEEHLRF 5 35 5 22 X OsPT11 BRI (B)
Fig. 3  RNA gelatin electrophoresis of rice root RNA (A) and expression of the gene OsPT11 specially induced by AM fungus (B)

2.4 £ AM HEXE/EKEAENBS 20X
FEAR AM BT 0 SR KRS A0 I b 38wl 5
AR WL 2 55 P 00 49 AN 12 b g Ak B 1L, 38
F b T KA M TG A G S XU 42, oK A e bR
B S S A A O R LA 2 o XS oK A

Ho b AR A A 2 S, (R R A
AL, R 2 b i 7 e 3t b 58 25 ki 2 A7 B AR 1Y
EE o PR L W S R B, 5 A 3R A Ak B
FHEE, UM 4 o 420 B A M8 5 S0 35 O R0 el
0 4k B RURAT T B
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Table 2 P content in the shoots of aerobic rice and watermelon

in different treatments

Hb | 8% & 5L P content in the shoots (g kg" )

430 !
- ARk (D)
lreatments
Aerobic rice Watermelon
R-M/W-M 2.37 +0.40a 2.65 +0.17b
R+M/W-M 1.72 +0.34b 2.74 +0.09b
R-M/W+M 1.66 +0.21b 2.96 +0.23b
R+M /W +M 1.57 +0.11b 3.61 +0.19a

WA £ ARl 0 =6, A T B 7R b 38 (R] 22 5 AN 1 3
p <0.05(LSD) Note: Means +sd, n =6. The data affixed with the same

letters in the same column are not significant in difference (p <0.05) by

2.5 #&M AM HE X 2Bk TS0 A VIR bR A 0Bk
SENZME

F 3R, AR AM HR YA BAR L, TE 18
WO 042 b AM L T 249 T S R i AR AR AT R
B, HOAM ECRE R T KRS O I, KRS AR PR S Y A
RCHtE o e TR T P TN, XSO b b A A AR B
AT RO R R e o FEA AM TR X P TR P R
iU R P e T EL R T P R
B, T e 6 I R SO, U 4 Fof i 7Y TOAR B - rh Y
AT O R B B R . AML L BN KRR A TR B
A A R A AR RO B O TR 22 R G H AR AR
e XS 3 ol 40 T A U 82 5

LSD test
®3 AR AMEHZEMAOEREKBENENRERAYHEE
Table 3  Available P content in the rhizospheres of aerobic rice and watermelon in different inoculation treatments
FARRAEAR PR PO AR BR
Aerobic rice rhizosphere Watermelon rhizosphere
hib 3
reatments 5 2B R A HRURCE
Available P Mycorrhizal effect Available P Mycorrhizal effect
(mgkg™") (%) (mgkg™") (%)
R-M/W-M 7.97 +0.66b 7.86 +0.62b
R+M/W-M 10.50 +0.62a 31.8 9.86 +=0.56a 16. 1
R-M/W +M 10.19 +0.66a 27.9 10.02 +0.36a 18.1
R+M /W +M 11.12 +0.35a 39.5 10.78 +0.26a 27.17

T AR AN = (TR AR AR AR B o A5l £ b — I TR AR AR AR B AR ) /A VA AR AT AR B AL i x 100, W] — B oA [ B R OR
Qb FRE) 22 55 AN 3% p <0.05(LSD) Note: Mycorrhizal effect = (available P content in mycorrhizal plant rhizosphere-available P content in non-mycorrhi-

zal plant rhizosphere ) / available P content in non-mycorrhizal plant rhizosphere x 100. The data affixed with the same letters in the same column are not

significant in difference (p <0.05)by LSD test

B AR BB T DL 2 bRAE ) I A O B 22
F4 73 3R] LAAS W 3t 2 98 T BT AR AR L, DT 22 bk
TP AR FR 3% B R T e K M B 22 )™ T 22
P45 e A ] B AR A0, K R b 25 R ST ) A 1 1
N — e B MR AR I T B 22 N 5 TE A A
PR Z L 18 8 IR TR, 37 73 B URAE AR 25 R Ge KK
TR O R 2 ] R A
3B S X)), (ELAS [ 7 o) 9 A% 3ok B B A7 78 22 5,
(1) v 3 i o = I ) R A2 R U W R 22 A 3 R
Gy ELA A D5 T P RO 2 R
e 385t 2 X)), (EEE A1 22 18] AH A% 3k #) B 20 J2 A
M MY TR G L s RS R R
I AR A RN RO T AR L S 4

R 2 A 0 Y i I, e 5 A g 1) i R 3 0 1 38 1Y &
TR0 e A R R P L AR LR R L
WG SO 1) — /N 3, AR A0 e D58 1 L f
PR = R AT LASE 2 22 B A 1 A2 R = R
EREE R SR KRS NP I H S A B [N
PR AR 4 TE 1 T A i A2 Ak, K R b i B R R 4R A
AM LR B AR B e 2 AT i I e R B 4
Foft Aok B AT T e R A, TN 8 Rl 3K B 3 K
o R 22 R AR AT B ) O R OR , HE TR 22 Y SR
Orexis N R BRI P o TR 22 0 AR Y TR AR AR 2
[ 14 5% 0 A 36k 32 P2 RO AR B IR 42, T HOR S AR /Y
— 7 52 Wy 30 I g 2w 2R A W AR AR T I
(19 35 3 i £ Gl G B 4 R A s 5 — O .
LA, 2594 T H b 350 75 0 e O, T AR AR I A A R SR
IR, KRR 0 PG I 22 ] Y B 3 L XL f) A% 2 4[] I
PN 1) A% 328 1) Sl AT BT AN (R, A% 1) 74 JICRY B OR T
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2 1] ZK A B S, 3 PG I DR 42 Rl AMD R R T e
v, KA PG AR 4 AT A U A
AR/ VG R R A R ST, AR XA B Be v I OxT
it R R R T KA

BRI AR AR 0 X - 98 o i % W SO P e R A — il
I I R A AM R R 22 W 55— bR e i
L) 2 T AR B B HE A S P H R R )
FEOR M 1o T 22 W A T 22 N Y
HEA FCTRE B, I A2 0 R DL 2 B IR AR i B AU
TR, ARSI 1 22 56 7% 2= AR N 1 22 3 0K 1, K ik Je
(0 i i 22 DA T o DA T B Y W TR £ 5 a2
BB RN e AR R/ PR 1R R
Gerh, KRS AR 45 F B R LU TR R R S T
IK AR £ % i 3 1 OsPT11 3k, #E 1 2% 12 2k i
2o % e R Wl T 22 A AGE i L+
S v R X A 5 T A A A ) AR B AT RO S A T
HIE AR LG, AR AR S AR Sh 1 22 7T DL ) +
S v o3 WA T 22 TR T, R e R P B IS o R P e TR T
AR P A TR T 5, T 1k M 0 MV R L A T 4R
EiAR PR ER B8 b A7 ROm S BT AR ST A R
WY, SR A 2K AR PG JIC8] A, AM 3 R 422 o 7 7K A 1 5
VU, P4 JTCRI K R 22 18] 2 0] DUJE 180 22 47 , 51k
AE R Aol 00 L B B8 T AR o L o O o T 22 A
1R YT B TR AR, A S TR 22 3 o W82 A T 22 s i i
2 ok AR o B s T L3S T A T AR o X VA
i 51 A 55 R K R R0 P TR R AT 0 11 14
o A E S e R A T 22 (R G B LAY TR
HRAR e TR AR AR e i 2 A A AS S B 0 25 5, {ELE
1o B 22 {5 e P T 22 57 3k Je e I 42 e R s R
HE 17 T8 B K A B PG I FY) B AR B 5 22— € I [R], Bt A
FELA W WA AT 2 s 8 T 5 R T AR B A S Wl 1 it 3
A TR, W B 1 5 KRS R TCAR s A 28
R 88 24 AT B 4 o A R T O T 22 A AR e Ak
H S o AR XA HEWR AL, IR AE T —
PERTR AR, FLAEAE D AM B Ab B, 54 7K A ALY
AR P A S & Bt 2 3% T 0l i i 22
PR e i Ak L

4 4 it

FE SR RS PE 8] A 2R G0, T AR L 1 4 o K
RN PG A s XS ) B 22 b, o 3 AR R G I
AR I A R e R 22 B AR Gk K A ALY
JR, S REAR 4 8 MU RR AR o T 22 BF B8 i 5 T K

FEAR s 2 8 75 35 R 11 OsPT11 (1 K35, {H /K 5 #b
R B R AN A AR TR PR b S Y
R, ARMIE AL, 51 T KRS A PG AR R 4
A RO A R T

& % x #
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EXPRESSION OF RICE PHOSPHATE TRANSPORTER INDUCED BY MYCORRHIZAL
HYPHAL LINKS BETWEEN AEROBIC RICE AND WATERMELON AND ITS EFFECTS
ON PHOSPHORUS ABSORPTION

Zhao Dikun'?  Zhang Ruiping' Ren Lixuan'’  Xu Guohua'
(1 College of Resources and Environmental Sciences, Nanjing Agricultural University , Nanjing 210095, China )
(2 Tobacco Research Institute ,Anhui Academy of Agricultural Science ,Hefei 230031, China)

Abstract A rhizobox experiment was carried out, using boxes each separated into two compartments in the middle
with nylon net and planted with aerobic rice and/or watermelon, both inoculated with Glomus etunicatum of arbuscular my-
corrhizal fungi (abbreviated as AM fungus) ,to investigate formation of arbuscular mycorrhizal hyphal links between the
roots of the two plants,and their effects on expression of OsPT11,phosphate transporter in rice, and uptake of phosphor-
us. Results showed that: (1) when neither aerobic rice nor watermelon was inoculated with AM fungus,no mycorrhiza colo-
nized and no expression of OsPT11 was observed either in rice roots; (2) When the watermelon compartment was incuba-
ted , the hyphal links formed between aerobic rice and watermelon induced colonization of mycorrhiza on rice and expression
of OsPTI1 in the root system of rice; (3) Inoculation either directly or indirectly through hyphal links displayed the same
effect on colonization of mycorrhiza in aerobic rice and watermelon, making the colonization rate over 80% and over 70% ,
respectively; and (4) In the aerobic rice/watermelon interplanting system, inoculation significantly increased availability
of phosphorus in the rhizosphere of both aerobic rice and watermelon as compared to control,and the content of total phos-
phorus decreased in the shoots of rice,but increased in the shoots of watermelon.

Key words Aerobic rice; Watermelon; Hyphal links; OsPT11 ; Available phosphorus



