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Isolation and identification of P—dissolving fungi strain and its effects
on phosphate-solubilizing and plant growth promotion

XUE Ying-yu, YE Wei, YANG Shu, LI Pei, XU Bing-liang
(College of Plant Protection, Gansu Agricultural University/ Biocontrol Engineering Laboratory of Crop Diseases and
Pests of Gansu Province, Lanzhow, Gansu 730070, China)

Abstract: In order to improve phosphorus of soil and provide P —solubilizing microbial resource for bio-
fertilizer production,a fungi P—1407 with strong phosphate-solubilizing ability was isolated from rhizosphere soil of
Nitraria tangutorum in Minqin desert-oasis ecotone by using flat plate separation method. The dissolving characteris-
tics, acid production, and resistance to salt-alkaline of strain P—1407 were also studied.The results showed that the
strain P—1407 had high-efficiency of phosphate-solubilizing capability for Ca,( PO, ), during a 10d shaking incuba-
tion. The maximum activity of phosphate-dissolving was reached at 557 wg + mL™'. Also, Its P solubilizing capacity
was negatively related to soil pH.It was revealed that the strain P—1407 mainly secreted gluconic acid, oxalic acid,
and formic acid using HPLC analysis.The strain P—1407 was stable under alkaline and high salt conditions. Accord-
ing to its cultural characteristics, micromorphological characteristics, and ITS rDNA sequence, the strain P—1407
was identified as Penicillium oxalicum.The pot culture experiment results showed that the germination rate of tomato
seed treated with P—1407 increased by 2.53% compared with that of the control, and the plant height, root length,
fresh weight of aboveground parts, dry weight of aboveground parts, fresh weight of underground parts and dry
weight of underground parts were increased by 109.27% , 109.27%, 82.95%, 121.69%, 82.95%, and 121.69% ,
respectively.Therefore , the strain P—1407 is a promising microbial resource for development of high efficiency bio-

logical phosphorus fertilizer of soil in the future.
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BER MY A K KT I i = R S 57
TCRZ—, EXTEY 0 A= A R o g s A
B BRI, AR ARAE R 5 90% LA L ¥ il
W LI 0 4 R 2 G e U TE R JC Rt 1Y)
HELL LR ORI T it R PR (B 45 A LA 2
BRAL ) J2 T I 2R A E R IR B2 i A R BEAL
RN 5% ~25% , KR53 TARTR K A= L 1
2 BRI 2 DLTE [ 7 A T T E IR Ca—P, Fe=P AT Al
-P SEXETERERR LR (O ) LB E R Y+
AW R il = © o BRI ) AR K IR
Z—o PRI $2 9 0 S v TR Al P B R, SR Y
Tt m s e A A A 7E A BE . BF9E SR U] A AR
bRt 1 rf A7 76 19 K i W W5 7 2E ) ( Phosphate -
soluble microorganisms, PSMs ) 7] LA 1= 338 o i P
WA Ak A ) i 08 WS R Y Rl A R, A Stal-
rom ™ & B AT A TE R BEUE VI LUK 4T R
B 3k 36 A8 89 ANFP) | HL BT 1) %
BERE IR T W R e L WAL B
AV RMER BRI RE T, BN e AT A
T - SFERE VA B AR W 4 i, FAT E R A T &
#rE,

TR HUE RN R B 2 A Rk
R AEYIRRPRAE ST 1) 22 R ) o R BUR B AR D)
oA AN ] Bt A A5 AN T A A PR 5+
TR BERUE Y AR IE & 3, Bt DI B B A 1
2 FhEF R 2Rt T I A T i A AR R AR
LRI XD, HUE KRZFEMFE N T, Bk
WAETE P B CR R RAEAS [F] 1 32 R
WAHZER, KR TFPEBEREY R B i 2
RS > AR > (1 > 4T3 > i 21 48 > T
O AR R B, 3 AT AT 1 S AR
LTI BN AN 2R 2 ) AR A v I i AN A
MEEAR Z  (H 42 BEAIG, UZF AT B ( Bacillus ) FI4R
H T ( Pseudomonas) i 3, FIAEAS [F A4 4 1 + 4
T R EABR U E WA A 22 5 MR ST
T Xof A [ A A AR o S8 0 W T 1100 i K R R A A
1R 3 BT i 352 1, 1 S 1 Tl A T 1) 5 B RN R R 22
A S 1l 0 R M A - 5 DL B TR e O 3 (R
H+35a — 2V R IRE & (Serratia) |, MR HLZA
50% & BR L @ ( Erwinia ) , 54+ 8645 Ko 14 2
FEFT B A1 % 5 & (Azotobacter) . AR+ H
R TR e | 2 EAT 8 I A8 . A R AR
BRI B W (0 53 A A AN TR, /N2 MR B i
WEZEZNKRPEERMBR A RKREIE

( Escherichia) """, /K FEAR R 322 0 25 A0 4T 5 J AN 1
SEPA T T R (Agromonas) '™ | E KM BRIE BT W)
FERIRCCECH A L AR PR A R A
FwE B AR bR B g 2=

R, 46 22 B0 B TR AR 2 VR IR B g v
ARAT | T L6 5 B3 T IR OR PR 58 b 20 2 DA AT B
B b A1) P 04 28 TR R 5 A 1 T e R S L Y
MIEAREPE T, Chatli 250" R IR V0 33 X 43 55
T VST 55 A bR FC28  FC39, X WEIR — 45 Y 75 fift 1
Iy 9 M 136.9 mg - L' ORI 103.3 mg - L7
Bhattacharya 55" PUMEIE| 25 rb 43 15 51 775 5 2 il 25
(Aspergillus niger) BEFE V1, X B8 B KIE %R
36% ; Naveenkumar 55" A AR5 5 77 9 3845 T
A %Eﬂﬂ%?( Spergillus nidulans) PR Strain—1, o W iR
SHEAY A R RN 200 mg + L7 Rinu 25720 MR
1 800~3 610 m 3= h ik Ll fok -+ 358 v 4 1 30 v il
bk ITCC2546 ITCC4210 Il ARIFCC771, 7E 75 4% 5
B i K AN T 54 BN 10.719% ,33.33% FiI
21.43% ; 253G 22 % PR EHE L b 0 1k BV B o
% ( Penicillium chrysogenum ) H#E PSM—1, %] B iR
= HE IR RN 138.36 mg - L', AL 7R E IR
Bisc M T whi | BA e A 2 eetE, BHan, &t
X0 R B VR Y S Y8 T AR R 1) e L X I O T
IR RS R I AL

PRI, DA R A R 380 37 Y g Y s 90 i L) 1 O
SIS A R AR BR A B v AR RS W T R T 4
BRI | I X0 07 18 4R A5 1 e 00 Wl TR PR AT TS
FEHNAHT , 1 2 FL 00 28 24 M AL, A 3 1 B 4 1 X A
AAERT, DU AR AR B 41 A2 T 18 I & ) FH A 3
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1.1 TEHERKIE

FREAAL T HNE RE B A 2 W7,
{8 E£103°36'17.3"” ,N38°44'27.2" 4k A 1 378 m,
i MY iR Bt P A T SR i AR X 2 R g
Y 1) B P PRV T U Y b A AR T B R K
113.2 mm, 4FP 328 K & 2 604.3 mm, -7 ¥
7.6C , IR AR L KRBT 55, RIEA LT
R, JBAR (N, tangutorum) FE 43 Ai Ay, T
2014 4F 8 H R T s HURE R AR FRIE AR B 1
FESRAEIT  JEBCR 4SR5 L3R )2 5 1RZ 20~ 30
em, PMRIEREA i 5 2 AR B A= o 4 R
MR b — SO AR R R B 1Y A A
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HER I TOTR SR AS ol B 5290 2 Sl R A B A ) 3%
AP AF TIRHEEN & 4CUKFE TP IR
1.2 BE5HRE

1.2.1 A3 HRA(NBRIP 32 4) (NH,),S0,
0.5 g,NaCl 0.3 g,KC1 0.3 g,MgSO, - 7H,0 0.3 g, Fe-
SO, - 7H,0 0.03 g, MnSO, - 4H,0 0.03 g, Ca,
(PO,), 5 g, #i%iHE 10.0 g, pH7.0~7.5, [ {R R F5 4
I 2% MBS RS, 115°C 30 min KB &,

1.2.2 PDA 4K H4RE 200 g, HZHE 20.0 ¢,
BiE 18.0 g, ZE /K EZAE 1 000 mL,

1.3 Ak

1.3.1 ZEHARANGSBHmE RAMRESEE, R
B 10 g HREIBEEA 90 mL TCHE K =M, jn
ABEFEER BT 180 r - min ' AUFRIK | 28°C fHIR IR
Yt R 48 h, SR JE 1 10 F5 AR Bk 40 i e il 107
107 10749 +HEET% , B 0.1 mL 435855 ] NBRIP
AR _E VR A5, AR EE TR A 3 A, 5]
B TR M, 28°CHFR 7 d, i S IEHEE HAR (D)
HRWEBER(D) . RNEWE D (D' /D E) X 5wk
PR REEA T PRI K, 0 tH D/ d (B e R
BERR, %3] PDA M Lt A7 44k, K ik Jm id
PREE 3] PDA AT, 4°C {158,

1.3.2 BT HEAR

(1) BARE SRR T siae DE  ¥KEE
(1) 35 97 FEAE AR A Z BTN A Triton X -100 ¥,
100 mL }5 32300 A S mL A9 1% Triton X—-100, 2R )5
PRHCE R P—-1407 6143348 F0 T NBRIP ~F-A 15 5+
BB ET 28°COLIRER TR B0 1d WA RV A A
ToE R, il SR R AR (D) S TE AR
(D), H+ 10 d, I35 D'/D 14,

(2) WARERFR R S I wiae o lE R w4
WAL R s, R R P-1407 42
FEF(10° cfu - mL™") U1 mL FREFD TH
100 mL. NBRIP & A5 72300 = A, AR R
X R BRI AT 3 U, BT 28°C,150 v+ min T $E
REEFR 10 d, 7300395 1.2.3 .4.5.6,7.8.9.10 d J5
I UEH VSR, K T 6 000 r - min™' B0 30 min,
W FIE W 1 mL, I AME S 4F i h, oo A —
SCRE A 1 mL ZER AR IR B A oA 2
mL 7K ,2 mL 2 1R, #2515 37°C K L 10
min, A FH UV3010 540 A UL 436G FETHAE 415 nm
Qb3 8 b £ 30 A WO O BE (B (OD) I i sk A,
REAALEERE 5 s W& 1 W, I 3 R, BOT- I E;
AOD, s =F£fh AOD, s - Xt 18 AOD,, 5, HR 45 fr i il 28
D5 RV TR R RT  E E  TRSEFH pHS -

29A AU R BETF 0 e K R W) pH A I ok
133 AMEMERLSTHMNE  RHTFEH
AT A vk, B 1.3.2 W (2) BRI 1
mL, £ 4°C ,12 000 r » min™" . B5.(> 10 min, B 35K
i€, K Agilent1200 A7 (35 AL 47 HPLC 4>
BT, B A LR A FR S R

PR 35 5510 . RS A S A C18 A1 Wi gh
AH—H B 1 mmol + L™ KH,PO,(V/V)3 : 97; ik
0.8 mL + min~'; ME P K : 203 nm; PEFEEE 20 pL;
I 25°C 5 s AR O BRI R T A R L FLIR |
BRI

GR35 251 - (354 AgilentZORBAX
SB—Phenyl ,4.6 mmx250 mm,SMm;‘iﬁfjﬂ‘H;A;O.l%
H,PO,,B: CH,CN; /i # .1 mL - min"' ; B E.0~4
min;B #H:40% ;5 ~ 7 min; B:90% ; | 72 % K : 203
nm; PEAERFR .2 WL #ER 25°C
1.3.4 %BJEATIEB AR AR A MY e KA
P P-1407 7£ PDA W ARIEFREE PR 5% 3 d )5,
BU1 mL 20 4R & 0% . 2% . 4% . 6% . 8% . 10%
NaCl il pH {4 7.0.7.5.8.0.8.5.9.0 /Y NBRIP i
IEFE T 30°C 160 ¢ - min IR ISR 7 d, R
FRERBT H Ay I A A B Y ] A R i
1.3.5 ZEHEARG LR

(1) TEAFIE T W RAT 10 1o 2550 s R R 2 3
PDA FHz |, 28°C K55 7 d, % 74 4R K IF R fi
B, SRR SRR DL TC R Y rE 25 4 o
T RS BE RN SREDERS BH FE AT
KA BHOE ST TINETI e 58, TR S

(2)rDNA-ITS JF 50 531 K v 20 Wt 1T R B
HAl AT PDA WARIG SR PR% 1555 48 h,
U8, TR RS T B G R IR R DNA, L]
FLEE S8 1TS1 1TS4 XF #2 BUAY DNA #E4T PCR
s, PCR WK &R A 10xPCR buffer 5.0 pl,
dNTPs 4.0 wL, Taq i 0.5 pL, 10 mmol - L' ITSI/
ITS4 1.0 wL, #ikz 2.0 wL,ddH,0 36.5 wL, S FE
¥4 94°C A5 3 min ,94°C 25 40 s,55°CiE Kk 40 s,
72°C #EAH 1 min, 30 PMEH ; B, 72°C SEH 10 min,
ACPRAT . P =4 1% e WA T fL TR I, 4
fb)E % LAY TR BRA B AT 50 E . ¥
ALK DNA 41, i A GenBank , 5 5035 12 b (14 i
AT HVHEAT Blast HoXT, SeHRIIEM: 95% L | B Ak
5, IR H MEGAS.0 i RS kK FH .
1.3.6 WAk P-1407 sy &FAte A£4ER (1) Fkk P-
1407 K e 0l & K 10058 70 8 2l Ak A5 21 1) B Bk
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P-1407 ## T PDA K373, & T 28C i A,
28COLIE A (12 W12 h) 555 5 d J5 , A 5 mL 7
E KA 1 7% Tween—80 it il /4= £+ & 1% Wk, Al
I BRI 1BV B, JC R K 7 R, e 2 ol Lk
BN 1x107 cfu » mL7™", B 1 mL 2 F W T 50 mL
NBRIP A 37 3L & F 150 r - min™' BYFEIR 25°C
PR HER 7 d, SR )5 0 3 RUZ 8 Bt 8 K 75 3 114 %
W43 W JC R K F B A 50,100 435 F1 200 59, LA
NBRIP A5 F2 3 A 1 mL JCHE KN 1 jf Tween—
80 M XF MR Kb FRANN; IR N 3 AT

(2) TRtk P-1407 X} & A F 2 m  F
(I AT T 28 5%NaClO AT #E AL 5 min,
THEE A G I TC R K T84 vh Uk 5 WK, SR F L
TFEHAEN9 em BEFFE NN HEAT AR, b B
AR IR L & — 220 A0 A0 2 D AR AT R
MRAL B £5 A BRAG B Sy 100 KA T, EHAE 6 K,
IR L i S R R JE P—1407 & BERY 310 15
mL TR X RO A S5 1 19 NBRIP 383, T
VR EE R 25°C HIGIRN 16 h/8 h B35 I 46 vh A7 1%
I, ALFE R FR T 0 R AR K B 3 B K B — 2
I IF 46 48 3 B 0 R R R AR OIS )
EiE G
BHER(%)= (KT EB AR 7 280 x 100

KRR =Y, Gi/D
X, G kg o TN B A 280, De AR I A 2R
WG 1T858 = B IR B P T

(3)IEEIRE: K Zid 5%NaClO 17 (5 min)
b B A Z AR T, 28 TG B K 7840 vh vk JE R T2 A
K IR A T (100 K7 - K1) RS R4
B AE A SN P I — O B 43 590 4 T 1 %) & BV (20
mL) Gl T HIMRAR 2 B ) b IGEE S
NBRIP JE3 R R, I8 AE R B ol 25°C Bl R 16
h/8 h (iR = AT, HAS AL AN B & 6 WK,
AL S AR 30 K, M A BRI X BE H 3 ST AL A E
60 FEANT I 22 F A 2l B L SR AR R R AN
P i, AR RITRE /31 R FH 220 B RUGHEA T 0 o, % o i
FOR T RTFRa, [ BB i o %) 4 Ak 38 2o T
PRAAVEAT N A0 B, Ab BRR BE R 105°C, BFIE] R 30
min, 2R 5 98 1 IR B R 80°C L, I AR T ER
FARL T R S e R ook R
S B 2 R FH R C B HEZBR (TBA) etk ™! |

2 HR5Hr

2.1 ABEKHNSSE
N B B 3 U ot M 3 9 Y 1 AR B = B A o

i e B A B SCR I EL TR 13 #% ., 7E NBRIP &4
St B SR T A, HERR P-1407 B HEE EAR (D)
K,iK 5.25 em, HIE HAR (D) N 2.14 om, 1 1B
HRESHEEERZI(D/D) i KN 2.45, H4 12
ANER D'/D EY/NT 2(5R 1) . PG, IR R
P-1407 it — 1701508 U SO BRI 5T
2 ATLLAE WAk P-1407 7€ NBRIP [ {£&
SEMR E3EFRT 10 d, AT AR R PR B AT L A 37 B i
P, i B R EAR (D) M Ts BAR (D) B A
FE SR ] AN B K, T HAR S 1 RAY 0.73 em
R FNE 10 KA 2.61 em, HHEE HARHEE 1 KAy
0.75 cn BERFNE 10 KU 5.79 em, {HE#E T TE
D'/DHKRM 357 d W D' /D Hi K, N 2.52,5
A2 PR AR TE VA Wl [ A RS 75 3 A K RAr HLs g
VAL 3/
®1 DBHREHEBRGEREGTEBENNEESR

Table 1 Phosphate solubilization capacity of 13 strains

fungi incubated on solid medium

W EA2 (D) /em

o Dimeeror IR o
P-solubilizing circle

P-1401 2.19 2.01 1.09¢
P-1402 2.67 2.32 1.15¢
P-1403 2.33 2.08 1.12¢
P-1404 4.99 2.52 1.98b
P-1405 5.16 2.85 1.81b
P-1406 2.88 2.69 1.07¢
P-1407 5.25 2.14 2.45a
P-1408 4.42 2.35 1.88b
P-1409 3.58 2.89 1.24¢
P-1410 2.61 2.23 1.17¢
P-1411 2.17 2.07 1.05¢
P-1412 2.86 2.31 1.24¢
P-1413 2.42 2.07 1.17¢

I : [l —FUAR R FRRIRTE 0.05 K P2 EE, TR,
Note: The different letters in the same row indicate significant differ-

ence at P<0.05 level. The same below.

R2 BEHR P-1407 EEKIEFRE G TIREES
Table 2 Phosphate solubilization capacity of strain
P-1407 incubated on solid medium

i § KiFEHF 8] Culture time/d

Ttems 1 2 3 4 5 6 7 8 9 10
B EAR (D)

Phosphate

0.75 1.27 1.89 2.71 4.21 4.89 5.32 54 5.62 5.79

solubilization
zone diameter

e
E]/%J;LTJ_(D) 0.73 1.18 143 1.7 1.87 2.04 2.11 2.24 2.47 2.61
Colony diameter

D'/D 1.031.08 1.321.592.252.402.522.41 2.28 2.22
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2.2 Bk P-1407 BB EE N BINE

VRS 75 251 F W i e i g 25 SR R (A
1), Bk P—1407 7E NBRIP ¥ {485 37 3L b 1O 5 W g
T b4 5 15 7R s 1) T AR Ak, 7E — 2 5 [B] 3 [l 2 3
I A S, TR S T U TR, L L
REFEI (B (K, B RE P - 1407 % BV P 0 AT sk
WS EBWIN L  Rw 1~2 d N, KR P A s b
B B INEE  7E 2~6 d Hhndete 75 7 d A E)
RAH 557 pg - mL™' BUJE R T IR PERE & =
WA RAARG, YV s i LA R, Tk R AL Pl Tk
A A B TR, HL R VR EL A nT o M AR
1%, 1 H AR — B AR AR K-

5 6007 .8
% I
2 5500
- 16
) ()
25 400 15 2
5% :
';ﬂ'—g 300 '4:&
4 3 {3a
£ 2900 P T
= < {2 =
w2 L
2100 e
= ey 11
o
0 n n 0

I} 18] Time/d
==O-- ] ¥ 1 % 7 7 Amount of soluble phosphate
—=— pH{# pH value
B 1 Btk P-1407 EREEFRFGH TEBLR
TR BER pH EEZW
Fig.1 Variation of phosphate solubilization capacity and
pH value of P-1407 in liquid medium

2.3 AREEFEETEERN pH K

H & 1 A DA Y, NBRIP ¥ 44 55 35 S 422 b B bk
P-1407 J& , KR pH 8 Bl 75 5 37 B 1] 7 ZE 4 1
AWARLE, SR I — A e AR, SRR AR E
FRaS TR 7 d LR T RS 755 7 R
B pH {EFE 2] FAR R 3.7, HF5E 8 KJ5 pH {HI& A
BIFIFARRETE 4.5 A4, SAREMIEFRW (pH=17)
AHLE, FE A 15 35 J8] 1 P 5 T 28T ik & B VR pHL AT
AT RS

ZRE 2.2 M 2.3, RILIEREA LR AN, k1
Wk pH (H S IABEHE R P-1407 W #E R ST
X, R E T RN ¢ =-203.14x+1037.6,R* = 0.910,
e L A SE (P<0.01) , BEE ARG K, pH
E SRR T Rt 3, I 30 B SR AR Ab iR 5 AN, {ELAT
TREFEREARK T, R B #R P-1407 ZE85 R # h
2.4 HEHRP-1407 T EHEBMHERSE

PRI AR % o3 AT 25 S R B B AR P - 1407 7
VW R v B 3 FROE HLER , RN AR | R
FIPRR, HEE 8.4 g - L7, Hh @AM & &
e, 5.7 ¢ L7 ST A PR BRI 67.85%;
HWREER N 2.3 g - L7, 5 27.38%, H R & & &
AR 04 g LT(FEK3),
2.5 NaCl iR ExT BB EREREE TR Mm

P RPR P-1407 85025 A AW E NaCl 19
NBRIP SRS 37555357 7 d, 45 %W NaCl #eJE »f

R3 HEKP-1407 S EYVBHFENSE

Table 3 The type and concentration of organic acids secreted by strain P—1407

Bk FHLER Organic acid/(g - L") B
Strain AT B I AR R BEHIR Total acids
Glucose acid Oxalic acid Formic acid Citric acid Acetic acid Succinate acid /(gL
P-1407 5.7 2.3 0.4 - - - 8.4

PIPE P-1407 A BERE ) AT — & 52, TR B P -
1407 76545 NaCl 19 & B ol v M 2 & 55 00 ]
(540.32 pg - mL™") A HCIA ASRFLEBE A9 T R, i L
Bl % NaCl ¥ BER T, B bR P-1407 IS BERE 1A
W B, NaCl B h 0~ 6% 1t Bl Y, & T v i) ]
VPR B i D R BEHE /N, NaCl ¥R BE N 6% B, vl %5
PR B AT PR AR XS R 80% 2247, 35 468.29 pg -
mL ™" 1 H S BEAH EE 22 AN B 3, (EU2 24 NaCl iR
FEWS T 6% s, K T v ] s vk e AR R
NaCl ¥R BEN 10% I, A e o ml s P il 2 540k
305.33 wg + mL™" AIA X IR Y 56.51% , 1t BIAIG Ik i
SR IR IR T bR P—1407 FOFEBERE ST,
PIPE P—1407 765 A AR EE NaCl WA 85 5%

BEEFR T d, RFER Y pH {5 % BEAH L A ot
150, 1 FLRE# NaCl ¥ BE A3 K, pH. (B T = i o
K, BB NaCl ¥R BE 0 T+, & BEW 1) pH {223
TS, 24 NaCl WK 2%, & B2 pH {E M 4.02,
2 NaCl ¥R BETH 2 10% I, R B pH fH -l 4.97 3%
WIS B NaCl 410 B #k P - 1407 7218, 1A W B
FEAK
2.6 WS ABEREBRENNXME

H I 3 AT LAE Bt 25 10, Bl 55 9% 56 pH
BT, TR RR P — 1407 (75 B BE 1 32 3 A%, pH
B4 7.5.8 F18.5 B, AW r i) ] i e ol 7 il
9 489.27 469.02 pg - mL ™' F1433.19 pg - mL™' {2
SR (pH=7) Z B JC i 35 25 5 M85 375 pH (H
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Amount of soluble phosphate
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=

0 2 4 6 8 10
NaCl J¥ NaCl concentration/%

O] % £ 8% & = Amount of soluble phosphate
--m-- pH{& pH value
2 NaCl HREXTE#R P-1407 SEBEREF170
KB pH ERZIT
Fig.2 Effects of different NaCl concentration on phosphate
solubilization capacity and pH value of P-1407
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pH{# pH vavalue
W] % 4 % % & Amount of soluble phosphate
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Table 4  Effects of the fermentation medium of strain P—1407 on the seed activity of tomato

W REFE/ %o PERIA/ % R PR/ % IPAEGES PR/ %
Concentration Germination rate Increasing rate Germination index Increasing rate Vigor index Increasing rate
200x 93.33+2.31b 2.02 10.38+0.98¢ 6.46 5.38+0.92¢ 13.26
100x 96.54+2.69a 5.53 14.56+0.57a 49.33 9.78+1.03a 105.89
50x 94.04+2.47b 2.80 12.32+0.98b 26.36 6.95+0.63b 46.32

JE
. . 93.58+1.87b 2.30 11.59+0.49bc 18.87 6.07+0.94bc 27.79
Stock solution
X i
91.48+1.05¢ 0 9.75+0.81d 0 4.75+0.59¢ 0

Control
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Table 5 Effects of the fermentation medium of strain P—1407 on the activity of tomato seedlings
e ity /cm /e S ST A R T g

Concentration

Leaf and shoot Leaf and shoot

N .
Plant height fresh weights

Root length Root fresh weights Root dry weights

dry weights

200x 14.8+1.21¢ 14.7+1.13¢ 1.25+£0.27bc 0.110£0.03be 0.89+0.07bc 0.083+0.05¢
100x 20.3+2.15a 18.3+1.54+a 1.61£0.51a 0.184+0.06a 1.11+£0.28a 0.112+0.01a
50x% 16.3+2.13b 15.8+1.27b 1.31+0.18b 0.142+0.04b 0.96+0.58b 0.098+0.04b
. Vi . 15.2+0.88b 14.3+0.74¢ 1.05+£0.39¢ 0.097+0.08¢ 0.89+0.08bc 0.084+0.01¢
Stock solution
o
Control 9.7+0.45d 10.2+1.01d 0.88+0.08d 0.083+0.04d 0.57+0.04c¢ 0.068+0.02d
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Fig.7 Effect of strain P=1407 on chlorophyll content

of tomato plant
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