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The effects of inoculation with phosphate solubilizing bacteria Bacillus megaterium
C4 in the AM fungal hyphosphere on soil organic phosphorus mineralization and

plant uptake
ZHANG Lin', DING Xiaodong'?, WANG Fei', TIAN Zhiyuan' ,FENG Gu'""

1 College of Resources and Environmental Sciences, China Agricultural University; Key Laboratory of Plant-Soil Interactions, MOE , Beijing 100193, China

2 Guangdong Institute of Eco-environment and Soil Sciences, Guangzhou 510650, China

Abstract; To study the interactions between arbuscular mycorrhizal ( AM) fungus and phosphate solubilizing bacteria
(PSB) and their effects on soil organic phosphorus (P) utilization in the hyphal compartment soil, maize ( Zea myas L. )
plants were grown 8 weeks in sterilized soil ( brunisolic soil) in a two compartmented rhizoboxes. The rhizobox was
composed of a compartment for root growth (root compartment) and a compartment separated from the root compartment by
30 pwm nylon mesh, which can allow the fungal hyphae penetration but prevent the root from growing through ( hyphal
compartment ) . Glomus intraradices was inoculated in root compartment of all rhizoboxes. PSB Bacillus megaterium C4 at
the concentration of 10° CFU/mL were inoculated in the hyphal compartment. Each rhizobox received 20 mg P/kg of
KH, PO, in the root compartment and 75 mg P/kg of phytin in the hyphal compartment.

The results showed that inoculation with PSB C4 in the hyphal compartment soil had no significant influence on
mycorrhizal colonization but decreased hyphal length density. The pH in AM treatment was higher than that in the control
treatment but close to C4 treatment. The phosphatase activity in AM treatment was similar to the control treatment but

significantly lower than that in C4 treatment. NaHCO, extractable organic and inorganic P contents in AM treatment were
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similar to those in the control treatment. But both of them decreased significantly in C4 treatment. The biomass and P
content of maize in AM treatment were much higher than those in the control treatment, but similar to C4 treatment. The
results showed that NaHCO, extractable organic P content in the hyphal compartment after experiment was 4.4 mg P/kg in
the control treatment which was close to the initial soil content of 3.9 mg P/kg. Neither inoculation with AM fungus nor
PSB C4 increased the P content, indicating that the solubility of phytin under the experimental condition was lower and
didn't have significant contribution to the soil effective organic P. By supplying NO;-N in the hyphal compartment soil, AM
fungi raised soil pH but had no influence on the phoshpatase activity. Inoculation with C4 increased phosphatase activity but
didn’t change soil pH, indicating that C4 added the mount of phosphatase in the hyphal compartment soil. The NaHCO,
extractable organic P content in C4 treatment was much lower than that in AM treatment. NaHCO, extractable inorganic P
content in the C4 treatment soil was also significantly lower than that in the AM treatment but the total P content of maize
didn’t increase. The hyphal length density decreased after inoculation with C4, and the number of C4 was 5x10° CFU/g
soil, indicating that the soil must have provided it with P. So the bacterium C4 immobilized part of soil P to decrease the P
uptake by AM fungal hyphae. As a result, the hyphae length density may decrease and P uptake of maize may not increase
after inoculation with PSB C4.

Key Words: AM fungi; PSB; organic P; competition

TR S A R ER ( SEARAR IR ) 76 b IZ A2 78 2 H A MLBE 1Y F B AEAER S, o 30 SR DL Y LL 5]
AR MR A RE L B A R P, 020 28 el i K it B 0 s TC AL R AR 288 7, A RE I AR M 4
R R I AR AR /D S BRI E 1 0. 8% 1 FE 3 vh 2R W vl LASr WA BRI , 2 - e Am R
1) 2 B IR FEARR 0 fed R b R A AR

AM ELE P LAY 90% LA E B AR 3L 56 R 7E H P R AT AN T 22, BA IR R AE KR
P IX R, PR AR AL, B RARBRVE FE ) | B siAB ) 32 40 Te R B p i EE AM BB B
HLBE " BE S A IS R G R A LB M AE7E R i, T DART AM ECBR AT LA G306l A 8 114 F 4 K 22 K
I 3R 1w LAHERR DA 22 PR Al B R AR R B I SE 2R I, T 22 B A7 A 22 P A1 T, {FLISK 48 240 T4 174
DIREMANIERE D AU AN AR 3 h B W SRR, AT S TR T 2 PR g B X S AM BT A BLAE
FHXS A HLBER AL U I RIS 1 A 22 AL

RS 00 [ RIS i 4 AT B 75 T PR 22 B /Bl 7 76 AML LT T 22 26 K1Y - B8 rh 2 i i il A 7, 4 X0 BILI
AR L AT 22 R R W™ AR AT 252 7 Dkl AR SEEG A 30 wm JE e RE AR & B iU 28 AT 22
% W22 RIEPEIAERR TS, AM ER I 224 KB 22 5 5 TR 22 S R i w4 e, 0H o8 AM 2 5
SR 200 o ) [ P X S P AR R B A 41k ML SR
1 #RERZE
1.1 iR
1.1.1 ki

EK(Zea mays L. ) , ARk 20 HHE40 90 AFACH 7 HAY ™ dh AR 108, FOKFFT1E 10% H,0, H#7
0 10 min FEATRIH BE , ZER/K VRS 3 R & TIlE I8 AE EAEZE 2 d T,

1.1.2 it AM H5H

AM EFFFEH Glomus intraradices( BEG 141) , F1EEE A FFBE Vivienne Gianinazzi-Pearson #2356 b
T AR, K 3 A HEHIE Z B RR I AR B S A W 225 1) TR N AM BRG], 45 10
g R AR 700 ST
1.1.3 Al s

firR Bl 20 1 B PR e FH B R ZE AT Bacillus megaterium C4( LU R fRiFR C4) , B KRR BR 38 B 15 3, /i
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My R 2= AR 2 e Wk — R DB A3t ) 203 ) M B e A i O e & RIA S E PO E H (GFP) B gfp
mut3a 150K pGFP4412 B4 FIANTE C4 AP, il OGIE R A AT vl LUOULIN C4 7 B 22 32 10 1 2 Al 1 il e
AR FT 4 SRR, C4 nT LATEREFRES Ml — B IR A0 52 kI 3 ) AR IR WA IR A5 7 A B W B, LA
A PIBERIRE ST . Q0 ATRIA LB ¥EFRIETE 37 °C 453 24 h, SR J5 FH K T Y A R /KRR B 4 T 1) 8 H 31 10°
CFU/mL VE A HEMH K
1.1.4  ft{ 115

PR35 ,2010 4F 5 A BUH LR 2L IR [ 358 | - 33 AR AL PR . %05 ( Olsen-P ) 3. 30 mg/kg A
AR (NH, Cl $2H0)97. 6 mg/kg AHLIT 7.27 ¢/kg ARLA 7. 20 mg/kg . pH {8 6.40, LIt 2 mm 75, % %
b TS0y 5 58 5 4 AR AT BR A F] ( Beijing Hongyisifang Radiation Technology Co, Ltd) #E47 v 52k (4% B85 i
10 kGy®Co ~y-ray) K,
1.1.5 {3

RIGR A PVC AUHIVER P AR G B AR AR (o) I 2238 () PR A . AR R 22 %= 22 (Al
30 pm BYJE T RSB, AR BRI e AR 2= AR T AM BB 0 TR 22 0] LA SR JE B M, e 2 = i A K, N 22
ISR
1.2 5t

AGREG T 3 AL AR IR AM B AN AP (CK) MR Z B4R AM ELE AL FE (AM) AR 355D AM
FLTE FIH 22 = P 4N i C4 AbFE(AM+C4) | B 4 ANE S S5EeFEHLHEY

BALFIR E  H 22 A 200 mg/kg N (KNO, ) ,200 mg/kg K (K,S0,),50 mg/kg Mg( MgSO, -
7H,0),5 mg/kg Zn(ZnSO, + 7H,0) ,5 mg/kg Mn(MnSO, + H,0) ,2 mg/kg Cu( CuSO, - SH,0)E MR, 1k
Ah R 3N 20 mg/kg P(KH,PO,) fRIEFERIEF AR, WL L iE N 75 meg/kg P (FEIRES, W H H
AR TCIAF]) , REHRELZZESHINA 800 g Fl 600 g KB ) -3, 5 HR & AR Z P& F 3 UM 280 T KA
T RS IR T, R AM ECRE AL B AR AR S B 20 o AR, AN A B A A5 IO R A 2
i, P22 RIEPIA 0.45 wm BTALIERE, T I TR 22 9 A KOIR DL . #EFh 21 d J5 , R At 4 17
AU BRAEE 22 40 1 em #2510 10 mL Bacillus megaterium C4 FBER , AL FREEF SR FLIE0E ) B

YT 2010 425 H 19 HZE 7 A 15 BAE ER K= S 5= be i % th i 17,
1.3 e ehs X s ik

W2 FE AR5 A FE P AR AN L3RR, BT 380 1R 22 % 38, s/ VIR 28 12 SOM3 A2 X T 24 B 1 3 1 52
M, +IERERT IBR R 2 em 458 SRS AR TR 22 A4 0t 1 em 1) 1498 VE N 1R 22 % - S8R4T AH C R hR 1)
G307 o
1.3.1 AYEiE

PHHEAR 2R IR K i, 43 b b bR 3R, R K AR TR i /K 43, M B3 105 °C 25 30 min, 70 CH4t
T BRI, b AR HCD AR RS T AR R e R A AR50 T 70 C MHLT FRECT E 054
FERRIE T
1.3.2 R I 2

H,80,-H,0, {4&, gt ak™
1.3.3  WEREGRNNE

K KOH {472, A 85 ( Trypan blue) Yeff, ffiuk" |
1.3.4 2% BEHINE

SRR A | RIS i g o SRR
1.3.5 3 pH A&

FIKEE 1:5 M%E .
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1.3.6  BEEREG S M E

FHEEY Tabatabai #1 Brimner' ™' 5350052 , 76 5 mL B0 A 0.5 g Hréf 3 FAKKINA 0.8 mL
pH {H°h 5. 2 (BRTEEBREE ) 5 8. 5 (BIEBEBRES ) #9200 mmol/L A Z BREMZE 1 0. 2 mL 150 mmol/L (] p-NPP
( SPREEEFETERRER ) |30 °C W 30 min J5, /111 mL 0.5 mol/L Y NaOH 2% 11 2 W , B0 i B 1 W AE 405 nm I
KNI EE | Wl B P ERA Ry B 40 P i v AL 1 g p-NPP AU1H,
1.3.7 14E NaHCO, $&HUW TCHLBE A HLEE & 20 e

FH 0.5 mol/L 1Y NaHCO, V= #& 1= 1, 12 48 W 3k 8 J5 75 31 i) 08 Y 42 FH R S bt b 6 3 DU e 15 31 4= g o
NaHCO, HEHU TEHLEE & 2, JE VR i B ER A 121 °C S84k J5 # B PT Hb (45 + 8 v NaHCO, 42U B ik &
B, B S LB A 2 22 Bk 3R NaHCO, 4RI A BB S i)
1.4 HdEadr

ARG T A BAE IR A Excel 2003 FEATRTHILCEE, I SPSS 16. 0 Geit 4% 455 An B 0T B R 2 5 22
OYHT TR 5% KT R I/ 3% 25 595 (LSD ) X4 4T 2 A,
2 ZER551
2.1 FEFNEBELE RN AM LR {2 Yl 5 R 22 % FE 5

FERREVEE T RS 45 R | A 22 2 U S L B S L 5 2 T B4R AM LT W TR 22, B I 22 = v
BITE 22 K IEH (K1), ot R4 BB e L P C4 16 15 E) Glomus intraradices ()85 AR T 22 3 1H K
FERE, DR BEHOR (E 2)

E1 EZEHIBEAN0.45 Rk R ERIMEZ B2 BARLBREEMBETHEBRAE C4 £ AM EH Glomus
Fig. 1  The hyphae on the surface of 0. 45 pm mesh intraradices T R E W EE
embedded in the hyphal compartment soil Fig. 2  Phosphate solubilizing bacterium C4 colonized on the
H:BF22; #7R=2 mm surface of Glomus intraradices hypha

H:Eﬁﬁ;B:gﬂﬂfﬁ C4; *ZRR=10 om

RN TE A C4 o HAE R 225 H 3P B E Jy 5x10° CFU/g T+, R B A B C4 X FRAR R H
WA YR o H B E R T F 2= 3 AM B H Glomus intraradices W22 (£ 1), AR AM
LT 0 IRAL PR A TR BRI fR e . BREERh AM EL AL PR TR AR Y0 30% , 24528 0.72 m/g 1
B THRPRTE 3 BRI iR . WL B IEFMRTEAIN C4 5 IR I RN 24% , 5 IRAERD AM H 3
A TC W 22 5 22 R 0.43 m/g 3, W8I T oA efh AM ECRH AR B,
2.2 FETI AR AN RN T 22 % T SRR B PR AR Y2 R

R BRANTE C4 B0 1 H 22 % TP BRI B VE (18 3) , BRI 1 838 v e U4 mT B A0 9 1) 5
(FEl4), ANfh AM B PERY B 222 38 pH (Eo8 5.8, B3 Fl AM ELEE FHEFI A0 B C4 AL BRAY £ 5 pH (H
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Bk 6.2 ey, W T RRAL B $ERD AM LR T R pH (A, MR TS C4 X 38 pH R A
Ko SXTHEAH L, BeFl AM ECp 1 SER R il 15 MV A B350 Mk, SR A AM BB — 30, (IR A C4
Jei , PRI 22 %5 S8 Pl T it 16 0 1 TR A TR T M LU PR R AML ECPE AR R T 36% , WP o R O A L
FAFERD AM ELR SR T 31% . FHORIR S AP ) 138 TTHLmh A HLBE & = 7E 3 NE I RIfFTE 22 5 . R IEAD
AM FLH AL BE A TR FIA DL & 0000 3.0 mg/kg 3N 4. 4 mg/kg I, BASERD AM ELIE 5 HIERA
MU b A B Ak, M ICHLBE & 1A TR AR, (FUR AR AM JL0R A SERl B2 FP A C4 J5 , JCHLBE & i ATA
MUBE 5 40 0 5 FRAR . DML S /D 3 2. 0 mg/kg 38 A LI & B0 #] 3.4 mg/kg T35,

R1 ARLETHERERE HLBENRMAEKE

Table 1 Root colonization, hyphal length density and inoculated bacterial numbers in different treatments

Qb B YL [Espex e R A% H
Treatment Colonization/ % Hyphal length density/(m/g 1) Tnoculated bacterial number/(10° CFU/g )
CK 0b 0c -
AM 30+7.7a 0.72+0.11a -
AM+C4 24+1.7a 0.43+0.07h 5.0+0.3

CK, X BRAD B AM, MR 25 B30 AM FLRA AL BEL; AM+C4 MR ZE 3D AM LR8I 22 EREFI R B AN T C4 b3, B R 35 (0 e AR vfER /N
5 RN AN [ A R ] —FE AR A

8 12
- = WM RS
H =F .
‘tgo 10 1
=2 =
a a gz 8 b =
6 b £ 8 b =
2% . =
z - = A
X B ET
25 47 2 =
i =
oo  —
=L . —
4 g =
24 ] 2 =
0 0 =
CK AM AM + C4 CK AM AM +C4

E3 AEALETHEZE T pH fBEREE T
Fig.3 Soil pH(a) and phosphatase activity in the hyphal compartment in different treatments
(a) T/NGFREFORARIAL BRI pH {9 FEE; (b) TN FREFIRTS S 4331 378 AN (7] Ak 240 ] P 1 0 P A R A 1 1) LA

2.3 FERMEBEANE T B K AR R

BEFP AR AN I C4 X FORAWRBCA M (R 2) . ANERN AM FLE R, FOR M 3L 35009 25 4 1t 43
BIAT.3 g 4.2 o3 3R AM BT, Ho BSR4 Yy B8 W 8 4 v a8 810 9.3 ¢ M15.8 ¢, X RSl
27% F138% , (HAEFPRBEANTR C4 J5 , FORAEAR M I FRFNHL 5B Wi o3 o 8.9 ¢ Rl 6.4 ¢, 5 LR AM
BRI R EER,
2.4 FEFREBEANEET FORBER B B A AR

FERERP AM B0 LR 42 e il 20 R X T R B v RN A AT B R (R 2) . R IEFR AM E R AL
FEHD b ERAIHL T AR EE 20 9 1. 44 mg/g F110.92 mg/g; R0 AM ELTH o b b3 T R 0wk vk B 1 & 42
5,355 1. 88 mg/g Hl 1.20 mg/g, 7 B4 5 36% F133% K3 B K-, SERRHEANH C4 )5, 1 B3 5T
PRHEHE RS> 1.93 me/g F11.28 mg/g, 5 EAFERD AM EL AL FHAH LA BB 25 5. AREEM AM ELTH 403
M EFRANHE T AR B S 40 10. 6 mg/ 75 3.9 mg/ 4 R AM ELE 5 Hb b EBFIHY T S A0 B i i
5L IRFN 17,0 mg/ M 6.9 me/ 7, 43 IR 68% F1 T7% , HERMRBEANTE C4 J5 , EoKHb AR 3 & i i
3R 16.7 me/ AN T.5 me/F, SRR AM HEAAPAHIL TG B E 25
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R2 ARLGETEXREYE BHRENHSE

Table 2 The biomass, P concentration and P content of maize in different treatments

Kb W)t Biomass/g W JE P concentration/ (mg/g) W& P content/mg
Treatment it 1 Shoot R Root b F- 5 Shoot Hi R Root Hi 17 Shoot R Root
CK 7.3+0.2b 4.2+0.4b 1.44+0.03b 0.92+0.02b 10.6+0.3b 3.9+0.4b
AM 9.3+0. 1a 5.8+0.4a 1.88+0.06a 1.20+0.02a 17.0+0. 6a 6.9+0.3a
AM+C4 8.9+0. 6a 6.4+0.5a 1.93+0.05a 1.28+0.03a 16.7+1.2a 7.5+1.3a

CK X IR B s AM AR 2 BAE A AM BT AL B AM+C4 AR 2 HRh AM FL IR R T 22 58 SR R BRA 187 C4 AL B 3 P Bl Dy P (B a2, /1N
B REROR AR b B ][R — 8 bR Y H

3 g 6

£l == Tl

HELAY HERE 4 1 NaHCO, 48 HU& 1A HLBE & > ? . = fitlae
3.9 mg/ke, BRIP4 % L BOPIGIIMR RS & o 2 T 7
50775 mg P/kg A HLEE, IS0 Ls BUS MG X Ak T3 4¢ B
W% NaHCO, BRI BB 4.4 me/ke 0 55 3| M
e 8 JARHRIFRES AT BRI AP T LI 22 b
ORI S DT O e e, B2 )
TEHERD AM SUHSURBRANE C4 1 A KB ZE L 5 |
HER NaHCO, SRIRAY AT LB &7 ik 0 5 40 0 M RD 3

AM FUH S C4 AT 5 s R B VA e, 22 0 P wE————
= IEP A RS A DL S R ARARL, R 2= 1 B4 SEAE T L NHCO, A R
LRSS E AT SXT AL e Fh AM S, , ,
Fig. 4 NaHCO, extractable soil phosphorus in the hyphal

5 pH (R4 T 4 R il 0 4 824 0502 Al 7 compartment in different treatments
TR AM SUBR RS L i RM BRI C4, 130 pHEBE vy iy oty 05000 S LB NaCO, IR0 JEHLSH
A Ak B TRV I il R 1 R R S A R R e o
KUV RN T 13 b BRI AR YR, AT = T
22 B T SRR B TS . PR B AM BRI T 22 % P NaHCO, $ B A DL & 5 A 2 4k, B7E AM
BRI AERN RN TR C4 I NaHCO, I A HLBE & 1 ) i 25 R AIG , R I AN T C4 72 T IEA HLBk
it B 45 T AR

SAEHLT A W A R C4 Ab IR B 22 %8 3 rh C4 ORCH W50k 5x10° CFU/g 3, I BB 22 % - 3 v
NaHCO, $EA HLBEFITCHLBE & 4R B 2 I T XS B AR B (EUE AR e AM ECTR SR T LM A B4 1 C4
HBATHE— P FOR R, B WA TR C4 AR BRSOV O AT SR INTE AR W IR 9l &5 e 8 1=
2 CA THALRIBREE AL BT b 7 -3 Mo il 04 [ e Wl ) — > F S 25 o), DAL = 38 R AL R AL 9 Dk
D5 R E Y BRI R . AR T 02 KT R, T LA B L A B O W s i BE K
HYIZZE K, AT LA/ ZR BT IR 5 g . Rt 550 BEFNBA2 Rl AML L B AL S LU 420 0 R B 4 T C4 2
TIEPRUEYIR FEORE, TH2ZERRREAN A C4 H B AR RO SRR A e A A R R B T B A R TR
14 L TR ) 0 R 8 VAT AR TR Al ) e R T AR AR AL

A 22 o A TR PR L T ) A A A AN T B 5 L L 78 1% 2 7 AR 5 B 4 T ( Mycorrhizal Helper Bacteria,
MHB) " A] Dt S48 o AR 2 e IR SN R 22 85 . AN Fester %5 & IR 41 B Pseudomonas fluorescens
0] LA Glomus intraradices 516 FAEY) Triticum aestivum B HERIZ IR IE = 2—3 1%[24] . Veésatka ZEHFFT SR 40
H Pseudomonas putida w LR RS LR AM B Glomus fistulosum 1) TR 24 5 g 1) o ANHFFT W2 , He
FERh AM ECRRALBEAH LU, T 22 S FE PP W AN 1 C4 B0 225 8 W PR AIR, WA IR e AR R, B C4 il
TEBENAR EX AR YRR B E W, X R WITE R 22 % LIRS AN 3.3 mg P/kg KH#E &
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PER R T IBEANTE C4 5 AM B BRI 5a P VE M, TIEmE Dl B AN TE C4 [ Fe1b il T T3 UM wk
FRAE R 0 0 A IR 45 5%, R MW AR 100 d 2245 A REJRL G R, AR SE B F Rl A AR B AN R C4 19K
IFIE] Ry 43 d, PRI AT T [ 19 00 R BB 2 B0 7 | AN BE R TSR T 22 W WA, el AML L T WS il L, AN AHL T80
T FAEY) L B B TTHR, AM LT F B A AR P n] e DR R i T s

LGRS 22 HIMEV VETC LB A BEUR , TE R A5 1F T TRl I el AML T 5 e i 00 R, & IR DU T L B
ol T R 20 A 0 1 2 R X P WA 272 A S g T G B R R K R 22 AR R A B, S S
AM ECBA 5 A A TR 8 4 PG AR ) R el sy, 6 H R FH B S R A B8 Bacillus megaterium C4 1] DAYE 2544
PR T 22 R TS BE, B B TR 22 %8 )5, ] DATE B 22 % 3P R  JF AR AR T R S AM ELTE X W 1)
TAHEM, SEE 2% b AM B AW i R0 X SRR SRR T R S S B A T X Y T P A R —
BT PG, E YR I LB, WA R T BRI ) S A AR R AM LB X B T A,
b A B TR W) A S A AR DR B R AR A 00 R T8 X S HE D B A5 1 — 2D AT ST RS
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