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Screening phosphate—solubilizing fungi from the mangrove rhizosphere and their effect on Aegiceras

corniculatum seedling growth

LIN Yushan', LIU Jingchun', LU Haoliang', DING Youfang’, YAN Chongling'

(1.Key Laboratory of the Coastal and Wetland Ecosystems (Xiamen University ), Ministry of Education, Xiamen 361102, China; 2. Xiamen
Botanical Garden, Xiamen 361003, China)

Abstract: To obtain phosphate—solubilizing fungi(PSF) with the function of P—solubilization and as a plant growth promoter, the phosphate
medium of the National Botanical Research Institute was employed to screen PSF strains from mangrove rhizospheric soils. The
P-solubilizing capacity of multiple insoluble phosphates of PSF strains and their growth—promoting effect on Aegiceras corniculatum were
further evaluated. The results showed that three fungi strains (PSF-FJ1, PSF-FJ2, and PSF-FJ3) were able to solubilize various insoluble
phosphates in the order Ca;(PO.), >AIPO, >FePO, > lecithin. The PSF-FJ1 strain exhibited the strongest Cas(PO.),—solubilizing activity
(773.36 mg-L™"), and medium acidification was considered the key principal P—solubilization mechanism with Cas;(POy),. The PSF-FJ1
strain was identified as being from the genus Penicillium based on ITS sequence analysis, which included indole=3-acetic acid and
siderophores synthetic capacity. Relative to the control, the inoculation of Penicillium sp. PSF=FJ1 strain increased total biomass by
23.13%; enhanced root vitality by 64.91%j; improved Pn, Tr, and Gs by 37.92%, 40.04%, and 41.70%, respectively; and increased the leaf
photosynthetic pigment content and P and N uptake. Therefore, as the application of the Penicillium sp. PSF=F]1 strain positively improved

the growth of A. corniculatum seedlings, it has potential for use as a biofertilizer in the reforestation of coastal mangrove wetlands.

Keywords : phosphate—solubilizing fungi; rhizosphere; Aegiceras corniculatum; growth—promoting effect
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Figure 1 Colonial morphology of typical PSF strains on PDA

medium (incubate 5 days)
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Table 1 P-solubilizing efficiency by PSF strains in NBRIP liquid medium amended with different phosphates

Qb PR S ingls| pH ffERE 1 Solubilized phosphate/(mg-L™)
Treatment  Incubation time/d AIPO, FePO, BB Lecithin AIPO, FePO, IR HE Lecithin
Control 3 7.2020.04a 7.1220.10a — 2.73+0.12f 2.430.11f —

7 6.90+0.08b 6.530.07hc 7.1720.03a 2.70+0.09f 2.58+0.14ef 3.32+0.03¢

14 6.85+0.04h 6.58+0.05h 7.1720.03a 2.75+0.05f 2.80+0.20ef 3.59+0.08a
PSF-FJ1 3 2.52+0.03f 4.70+0.11¢g — 42.10+1.67d ~2.96+0.02h —

7 2.82+0.02¢ 5.20+0.09f 4.54+0.20e 51.85+1.36¢ -2.55+0.11h -3.03+0.11g

14 3.12+0.02d 6.2620.21d 6.29+0.10cd 60.43+2.57h 5.92+0.16h 2.8120.12d
PSF-FJ2 3 2.38+0.08g 3.69+0.22h — 38.74+0.65d 1.79+0.16g —

7 2.82+0.02¢ 5.67+0.10¢ 4.21+0.22¢ 58.82+3.11b 2.99+0.17¢ -3.08+0.04¢

14 3.0420.06d 6.31+0.10cd 6.63+0.02bc 74.75+7.41a 4.88+0.18¢ 1.86+0.15¢
PSF-FJ3 3 2.42+0.02g 3.88+0.02h — 28.71£2.62¢ 3.61+0.03d —

7 3.02+0.08d 6.13+0.33d 5.98+0.45d 59.87+3.71b 3.93+0.11d ~2.25+0.02f

14 3.27+0.14c 6.52+0.24bc 6.71+0.18b 53.52+4.14c 8.89+0.85a 3.4020.15b

TE : RIS R INE TR 2R AN [ 2b PR ) 22 5 .35 (A4S 4397, P<0.05)

Note: Different lowercase letters in each column indicate significant differences among treatments ( Duncan test, P<0.05).

FI3, f#sRE 110K (8.89+0.85) mg-L™' FirA7 HERib 3
BT SR 25 3 R R F pH R A%
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*FRONPAEFRAE 0.05 K |22 55 3 (T FEAR R 38 ) . R [

* indicates significant differences between treatments on independent
samples t—test(P<0.05). The same below

B 3 B#E Penicillium sp. PSF-FJ 1 X 47 T2 %% 45 B
ERSHHIFID
Figure 3 Effect of inoculation with Penicillium sp. PSF-FJ1

JiL i Biomass 25 Stem

strain on growth parameters of A. corniculatum seedlings

1% WHART]

A AEAR 4 B 1 A K B B i A 0N . 5 A2 il
i i DA R A A LU, #9885 LT Penicillium sp. PSF-FJ1
AbFZE Y S AE W T T R R 23.13%, AE AR 1 H R
3 FIHE T FB 4T B 4 A F (13.17£0.57) g- &' Fil
(13.65+1.31) g~ 7", 1M X HE AL #E A K (11.23+0.62)
g 5 F1(10.55£0.45) g- 75",

FE R W5 LT Penicillium sp. PSF-FJ1 840 7
INES RE TG/ TE S SN i A F A E T pa)
B IR WSRO o 2 ol b LR R AR 350 R 25 v A i
HEEWIR2), 2055 (2.14£0.03) mg - g Hl
(0.94+0.05)mg- g, Ifii X B Ah B e v (4 B85 2 REAH
(1.56+0.16)mg- g F1(0.80+0.07 )mg- g RN HE Ak
A= I IR AR ROR L 23 5 30 2 B 0 R R IORN
SRS BIRARRIA N AR A2 rh B B kP
EHOM . BREEICER AN, SR HA L, R LA
Penicillium sp. PSF—FJ1 b PRt {6 F #k 25 v & & = A0
JSE AR eI

fiE W% EL A Penicillium sp. PSF—=FJ1 X 4 £E 3 %) 1
M AR A P b AR R e A e
PEECE4) o Hefp B RO A 62 5 5 5 X
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Table 2 Influences of inoculation with Penicillium sp. PSF=F]1 strain on P-uptake and N—uptake

X & ht ,E\@éﬁﬁ/(mg'ﬁﬁ) R Eat E\%ﬁﬁ/(mg'ﬁﬂ)
T hb P content/(mg-g™") Total P-uptake content/(mg+pot™) N content/(mg-g™) Total N-uptake content/(mg-pot™)
reatment

#2 Root 2£ Stem I Leaf #2 Root 2£ Stem I Leaf 2 Root  2£ Stem - Leaf H2 Root 2£ Stem I Leaf

X IEAR R 1.56 0.80 111 16.48 4.80 5.80 4.63 4.27 7.73 48.89 25.64 40.42
(0.16) (0.07) (0.14) (1.06) (0.26) (0.27) (0.15) (0.49) (0.80) (2.76) (0.34) (3.38)

HARIR 2.14 0.94 1.08 30.82 6.48 6.78 4.37 5.30 8.10 59.71 36.58 50.72
(0.03) (0.05) (0.03) (1.71) (0.20) (0.40) (0.15) (0.26) (0.36) (5.95) (2.29) (2.65)

Hiitrm X * * ns * * ns ns * ns ns * ns

TE A5 5 PR AL BRI O AERE o *FRORAE PRIEILE 5% /K- 1 025 25 5 s ns FRORAL PRIE] JCGE 127 22 57 RS ARAS K288 . Rl
Note: The information inside the parentheses indicates the standard deviation for each group. * indicates significant differences between the control
plants and the treated plants. The letters ns indicate no significant differences between treatments on independent samples t—test(P<0.05). The same below.
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Figure 4 Photosynthetic pigments and photosynthetic parameters in leaves as affected by Penicillium sp. PSF-F]1 strain
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Table 3 Difference between Penicillium sp. PSF=F]1 strain inoculation and non—inoculated treatment

2 Xof Het b 3 Ak HE St E X

Parameter Control treatment Inoculation treatment Statistical significance
WRIE I/ (pg-g'-h™) 38.16+4.04 62.93+5.31 o
Hibs 14 pH 5.94+0.11 5.89+0.06 ns
AR BR L4 pH 6.48+0.08 6.37+0.16 ns
PR -3 B/ (mg-kg™) 32.12+1.33 32.85+0.61 ns
AEARBR 3T (mg - kg ™) 26.17+2.02 27.76+2.13 ns
HEBR LR (g g) 162.49+2.84 372.03+12.76 #
AR - RS (g o) 30.55+1.43 33.35+2.39 ns
AETEYE (ng-g'-h™) 9.67+0.65 20.53+1.44 #

P22, L B B Penicillium sp. PSF=FJ1 [R] =4 3 i
TER GBS XIS AR B A, 5 ARFEEF I FRAR L

PR Penicillium sp. PSF—FI1 AU AT {2 JE 4 P 3 (1) T HEEAE Y A P A K R R, I
A WP B R T HAR R TG ) AR RIS s ARRBERT SR R I B B AN (A, ST
T 64.91%. BRI BR A AR HRAR 2 05 8l AT (AR P TE AR ARBRVEG R £ T 1Y A B8, A SCIEH Cas (PO.),  FePOs,
PR X000 0 2 AR R A0, LR AR LA ALPOL 3FICHLBR AL S WA b AR A R ARE . AHF
FrARE ) BT —— AT VPR P BETE AR AR TR R AV Cas (POL),
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FePO,  AIPO. I fE T, HLIE % fig J1 R IR Cas (PO.)>
AIPO>FePO,. 1ELL Cas (PO.) Sk B U5 B [l 44 4] 75 155
I3 vy A B I A i T ) TR R L X Cas (PO,
TP R S R RE )] . 5 SPAGNOLETTI S fff
ST 45 AL, T bR X FePO, B 75 iR BE 1 i 55, RTE
NBRIP [E1AA4) 57 15 77 5 v = A 175 B i P

AW T 07 8 1 7 05 L Penicillium sp. PSF-FJ1
X} Cas (PO ), 1Y 55 KW fif B8 7 AT 3K 773.36 mg - L7, ik
T SPAGNOLETTI 2824 fff 5% i ¥R {6 43 b 9 &
(DSE) B f#WsfE 77 (51.33 mg- L) {HAR T YIN 520
i 108 Y TR ST 5% (Penicillium bilaii) 518 T 25 (P.oxa-
licum ) FI2& fh 2% (Aspergillus niger) B HE 1 (1 400~
1800 mg- L") o HXTHREE SR O BERRER & it 5 pH
AR, B i AT PR IR SR O il PRl
TR pH, 6B RE TR R AL 2 A 3 BRI A Cas (POL)»
B ERMLI 22— BIRMRTETR f# Cas(POL) o B XS G IR A
JoT pH 1 A8 A REURR, DR, ZE R b R R A b s
B X Cas (PO, ) B 25 B VA AR .

5O AT 2055 FAE AL, A8 BiF 5 AL 3 B R kT
3 Fl TG AL B Ak G 0 100 I A BB A AR 25 5, TR AR X
Cas (PO.), I il BE 7 38 T FEXF AIPO, B FePO. 1Y i
fEfe ). MEERCREMER S AFB G E
FE A 5, Cas(POL) I FEFL (pK,) Uk 6~14, T
AIPO, 1 FePO4 1Y pK., 53 51| by 28~32 F1 33~35%, Al
FFe%F [ BN 2+ AR Z5 56 )7, R
BRI 7 L Mk o RV BRI AT Zh i (i 55 R A
JiT ) pH B 2 3.69~4.70 , {HAT5 3R Bt A 1Y) FePOL I
fRBE T o 5 IR R A TC T AR B TR X ALPO, I FePO,
VA FR B GE | AR X R 5 1 s A 5% 5 LA Db 4
2 B IR SR i A HLRR A O, A LR Y 8
BRILMEEAVER S AIPO, B FePO. FY VA AR e R T
yg%?{; [9,2610

ARSI e B, AR B3 O [ B ELA A AL
BERRER A LA MUBE I RE T . LM & &
A WL (R DA B G T B A 35 P Rl EL B XA
LB RRE ST o AT BB G i ™ Tk K P
FHXF TCHUBEFRER OV AR KO- BRBEAR 0 fb £ 22
T A AR B R S, AR IMA PREE T | A EL A
43 WA RE TR B s B R i T LA A LB R SR 3% b i
SR YT A] BRSO R A T P ER R R

5 3 5 LA HPOZ 88 H.PO: A TE X 4 Al 1 W i,
Prxss i T oK it R, SRSt R 2 AR PR PR v i
LA 527 B R T R T B TR AR B Xk

1% WHART]

(0 5 B AT B 1 g o L LA A P 28 S A AR
P g5 TLARHED R E TR o AR —Fa] fpsk
18 T 3R 51 AZL R AR B - 38 v i B 75 31 11
o AN ELTE Penicillium sp. PSF—FJ1 o T FH bR 26
S5, X ARAE R 4 1 A 4 e SRRV | R IR WA L
AW o FEAIBE AR 30 IR R AR A A A
BRGUE I B CHE AW Al 2 ek &)
P fil & T A G TR, DA T 3 2o e A
T AR A A A K AR YR R R AR
FEIRAM IR T — 5, BRI AEAR A K G5 5 Penicil-
lium sp. PSF=FJ1 T 2B AE AR N A0S FR ISR G

B 1 i W RE 1 Z Ah , % B B IA Penicillium sp.
PSF-FJ1 I 87 A= Al ) A= K8 15 57 (TAA FRER A |
X JE TR TR SR A A A K AR A A 1 (PGPM) 1Y
HERE . EMAMI ZE20E 5 & B, 5 B 4 o fie i
R TAA P2 A TR LG, J R A 2R A A A KR
P A1 T 2R B A AR A A ROR A A A
(1445 PR AR 22 TR AR AR M 57 7 2 Z2 AL B [ A1 2
HPIRAER . Bl 943 0 B A2 B AR 0 A K A B
P IAA S AR, IX A 15 0 m] A AR R
14 A AR 2 TR RR A 3G K, A AR 4 ] LIRS 22 11
KRG PEFR VAT A B4 K, i REE 249
HE vAh, BAUTISTA-CRUZ ZEWAG BF 58 45 Y , 1L
A7 A 1 TA A S35 AT MR AR ) 21 28 SRR, AT
FIBAE Y A KIS R R ™ & o IR PR Penicilli-
um sp. PSF=FJ1 5 FU SR F 58 1 TR AR IS, AR T
HLA 1 TAA A B S AR R R AR 3R 2 K TR #5 E
BEVER, HAER 4 i AR 2R 0 ) S 2 5R T 64.91%

P B AR Penicillium sp. PSF-FJ1 1 2 9% 56k 7]
B A R AL AR R A . LOBO %R 5
R BUGAA: W7 HE R B A AT A RO AR C G RE T o
TEABIGE D, ff i B 1R Penicillium sp. PSF=FJ1 A{LA]
DURIOR R A K, 3858 T 0 e &rae . R
JCEAE RIS B LA 57530 5 i AR AR Bl 7] Ak
A KK . HAh , ALONGE 252 5% BLLT A A 1 AR
KW 5 32 B4 8 35 & it AR A B, i 0 ik
Penicillium sp. PSF-FJ1 H. 75 fif 1= 3% bk i P FePO,
(R RE 1, ORE A I £ AR AR 4 6 4 75 5% 1) 5 WAc A )
FH DA T i B A AR A 52 B4 75 37 1 R A

O A W58 & B TAA 38038 AT 1) 55 A 400 200 f0 R ) 1)
AE 77 A B 2 R A0, DT A AR R A i A
PEALE SN AL A Y S5 RE IR R 400 A g
72 TAA T AR Penicillium sp. PSF-FJ1 43 f# AR P X 35
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AT PR B, AT R R AR
HEARE R FE I . SINGH S IR T3 A= 4)
AR BR 3 4) b AR B 22 1) 8 SR AN RE S o, DA T i
— AR IR A O R A B AR R AR
FXTH )35 53 WS AL B RS RCR 2 AEY)
A K BB T YRR fi i B Penicillium sp. PSF-FJ1 1
PAAEHE T4 LA 0 A TR IR AR 40 o AR e X s
AAFAE 0] S5, A — A L TR 2 T B T R A
MEERFR.

4 £

NELRS AR o5 - 88 o 7 16 745 21 9 ik 98 1 0o i 28
MEVE L DAL S W) BT R RE J1 0 Cas (POL)2>ATPO.>
FePO.> BRI , L TR 18 HRAE 7 i Cas (POL) I XS 15 37
I 5t pH AL BURE, R BERE 1 5 pH S UG C & .

3 BRI e 2 A 8% EL TS Penicillium sp. PSF-
FJLXF Cas (POL)2 H U A BE ) S5tk , FLEAT TAA MIEREK
PR IRBE ST o PR BRI (0 12 o Ak B 5 B AR A 2R )
R MR AR TE ), B R B AU B R A, s Ak
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