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Bacillus safensis TC3-1SEIEHN R SYIERN B EERN > TAEERNESHERE
TC3-1SZ HEE FOF & INAH - BB &Y)7R o] e R A EEAH ¥ 5 EU(FD) K= $F(FDA) 2 i
AR > HLELRORAR R - BRRTC3-1S2 BE#F#£10° CFU/mL - HEERCAR S FH 32k > #4570
BN AR SRR G HERN26-13-13) » HAE RN S EIRTC3-1S BRI RN SEHKETC3-18
o nEEER SRR EE15.8% 0 AR s HEER 25 ~ A E - HEMRANAE
EFETC3-1S » B FDRAGAE K 2 L 195 RIA R SRR A H A A 2 - £ FH
B E S » PERAEEIRERIGRET » RN S EETC3- 1 SE G EEE IR E MR
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RA$EEE) : Bacillus safensis ~ fRLK) ~ EiA ~ RANE ~ HEE ~ HEFN

N

=]l

WA R B bR S &7 37.4%955 ~ 0.59%HI5K 20.27%95E ) » HE R AL o MHEL -
it R HLELEEARTAVK » WFZEHE (i RE YA Y T 2 R T B BE N E - SRS B SRR
[ EF o BEREEI O AT 2 5 o i rE478.4 - BALiNE E470.54% » HRLACHE
HE1FE% BRI e ETE9.9ME BIRKE0.23% o A A S 7k b ERse 4 T8 R 4
Bacillus licheniformis CBFOS-03® » 53/ i Ze a8 B A Myl = Pl ek i 4 - TORE IR > B
A YE R A E G TE 28T - NAERIREIFYIE RESENEYE RS - B - 755
FRIE B PG TO Hodr s (NAEE Bacillus safensis A ARINIZE » QIRTABTZE Y H i CATSE
N4 HBacillus safensis B2 1 & F ALY ELEE > FHREERER"Y - 1 2 B SR &R Bacillus safensis ZY 16
JEFIMELIEE » R 30H5 4" © Bacillus safensis TC3-1SH] AR ks - W ATLIE
HENEE A ERN S ILERZ 4 AR REE TR « KRB Bacillus safensis
TC3-1SEUZHE &Y - FERIAH B RO E IV E ZIHE -
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MR T A

— AR R SR R

A BRI R T SR S BRI EE (121°C, 15 psi) o BERRTC3-1SEFE N 1%MEE ~ 1% (=
REFEARAEIN-P,05-K0 6-2-1)F20.5%FEEE; 2 50 mUREERSEA S > FA30°C F2120 rpmE i e
6 K1% » BUERELRE 2 7%y - PAL: S(OW/W)ELBTERES 218 » BN =B -
Z ~ ERRTC3-1SERA Y 18 SV FE B AR AR S(E

AReERIN2 g2 BEIFRTC3-1 SEUFEH R S I(HEE60K) » FAE 2 1L 1% EEE+10%P1E -
(FD) » M 1%MEEE+5% P 1 +2%EARIK(FDA) & -0 H EFE PR A PR A 5/(N-P,0s-K,0=
12.0-0.6-0. 1)A30°C £%120 rpmE ERF B 6 KR A T BB IR ST 47T »
= BENEKAMES KRBT

e B e H Ry (D)JE R (FREACER R P) fe(2)JJe SR B R T C3- 1 S Z i3 18 &R HE (DA
w LS ETRRE > BREST AP-TC3-1S) o FL/E DLABEF/KEE(1:10)H% » 73hrHpH ~ ECE K
Broras B0 nutrient broth agar(Difco, NA) LAG 5/ ME F 48 E BT (R EFRTC3-1S
B RIRRS IR -
0~ HEL PSRRI FER AR 13EE B AR

HEDIN2BFL/URMEITE Y - FREMH3EHE » EHRFAEZ R  BERESHRERESE - £87
JRRASOFL B T B EERTRE R R - R R 2R EkEEE -
i~ RAESH

HEE REE AR A A (5 Moronta-Barrios 5 A J7 A1 EE B IEY » PEE LR 4K
H AR A » IEE RN E TR T DIARRZERKSr - B2 gfREET0% 5 = 4% %1 min > FFR
TG TRIRIN 2% K EBEHER » LL80 rpmEZE & 15 minf% » DUEE /K62 » BUR E0HR g7 n3
mIfEE B E/K(0.85% & (LiN) » 1S RS EEMERIRANAR R A » £3-6 K& % » AP-TC3-1S
R A s A T AR BB PR TC3- 1 ST > KLU R 4T TR - HIEUDNA#EFTBOX-PCRAIHT ! » PCR
%&A-£595°C Smin > 95C 1min ~ 60°C 1min ~ 72°C 1 min 35 cycle > 72°C 7 min > DARESIE S EIR
TC3-18 - B sy Ay 4 i % — I B /K BRI 100 ul » 43 BIHEFETYS mL NB K R ERANA
ER K EMlEEEF BT -
N~ HEHBEHE

HEN A B THE S - S EEHE/NE 1.4 mx5 m o BRFES0 ecm > B 200 BAE R
JERRSTE (P) R & E R TC3- 1 SERMZE M 18 &) 2 JE R B (P-TC3-1S) Wi R B © A En iR 4 & e -
RESE 2 E SN T (Randomized Complete Block Design, RCBD) » 4543 #b it FH ZE A2 250 kg
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/N EREHA RN - BREDT 00 R H B E R R EFDA IR AC (I_E AUl )7 A8 E) R G HE15E
RIAHE SRR B - EME 1% 10 H 22 H 5029 H B RAEHE » B LA400fEFFE % » SR 200 mL -
TEME%39H ~ 46H ~ S2HIBRAELL200fEHRER - SiREHI300 mL - FEME %64 H SRUGHESEE - &)
HRE - SR HEERED T - SR HEERE T E D ot -
+ - FELNEHER

A BB AN EEP K P-TC3-1S 73 A EAE A HEEEUJE FE 2 B ErBREE8E (9.4 em X 40 cm X 8.3 cm)»
TR AT 1085 - & e 2R - Hh S8R A a7 A HERACFD K FDA » 1555
B S5 KSR E G RTR - HEALREHT « AR B —Frr - RERIERERE
BRE  WEER - RAERE - T - REREGIPRERE H F1EEETER B0 -
A NE -~ RIERAEREES T

BHNMEQ:10/KEER AR - DIEMCHIEPHKEC » fih 2 EAMERHCENES - 8
theEE R - RS KIEIERERTHIE (Sherwood flame photometer 410) » §5 ~ $ K fi &t 7T 22 Al
JRFIR Y% 2 (Hitachi Polarized Zeeman Atomic absorption spectrophotometer Z-5000)434/7

THAS L DUBRIE K S/ B  (k ERUTRHIER - 8 - §7 - §5 8% - TS TR -
G ~ S RSB NEERS 52 FEC V1% DUR FUR OGRS 65747
N~ BRETARTIE

LPASAS Enterprise Guide 7. 18xBS#ETT4EET 7717 LALeast Significance difference(LSD) AT LIET »
F U HE[E SRR B AR 72 5(p<0.05) -
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Table 1. Fertilizer treatments in different melon growth stage

Days after transplanting Fertilizer treatment

7 Drench of 400X diluted FD liquid fertilizer and Taifer instant
water soluble fertilizer NO.1, 200 mL per plant.

11 Drench of 400X diluted FD liquid fertilizer and Taifer instant
water soluble fertilizer NO.1, 200 mL per plant.

14 Drench of 200X diluted FD liquid fertilizer and Taifer instant
water soluble fertilizer NO.1, 200 mL per plant.

16 Drench of 200X diluted FD liquid fertilizer and Taifer instant
water soluble fertilizer NO.1, 200 mL per plant.

18 Drench of 200X diluted FD liquid fertilizer and Taifer instant
water soluble fertilizer NO.1, 200 mL per plant.

21 Applying 250 g compost (N-P-K=2.8-3.4-2.3) on the surface of
culture media

22-24 Drench of 200X diluted FD liquid fertilizer and Taifer instant
water soluble fertilizer NO.1, 200 mL per plant.

27-31 Drench of 200X diluted FD liquid fertilizer and Taifer instant
water soluble fertilizer NO.1, 250 mL per plant.

34-38 Drench of 100X diluted FD liquid fertilizer and 200X diluted
Taifer instant water soluble fertilizer NO.1, 250 mL per plant.

41-45 Drench of 100X diluted FD liquid fertilizer and 200X diluted
Taifer instant water soluble fertilizer NO.1, 250 mL per plant.

48-52 Drench of 100X diluted FD liquid fertilizer and 200X diluted
Taifer instant water soluble fertilizer NO.1, 250 mL per plant.

55-58 Drench of 100X diluted FD liquid fertilizer and 200X diluted

Taifer instant water soluble fertilizer NO.5, 250 mL per plant.

AL R EHET A
—  BERIEFD(A)E DO

A BRIE I EIRTC3- 1 SBMM B 18 & 1) - 1F RIiR AL E R - H IR IIE & YIht 1% 2 K
10%P1E £ > AR & E 2 A IRRRAC - #5873 EE2,032.5 mg/Lif #HHE T & &)
360.5 mg/L o MARNI 1%ME2 ~ 5% P18 1 5 2% Mts K - Ho g+ & 8 1,553.7 mg/Liin#7 &
T a8 A 25,126.0 mg/L - [EHRARACRER1E - 485 - BEEF RS LM G5t B E RN 1% - Hik
TC3- 1SR #& F i Aoy i 8 17 B R A B 07 AT 3 0 BT 10° CFU/ML(R ) - BEURE Bk
TC3- 1SRRI R &Y - "I fEREIRRER 2 EH -
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K HIPR TC3-18 BURRRE & VIIE YA IR B E 2 s oA
Table 2. Characteristics of liquid organic fertilizer by inoculation of strain TC3-1S complexed with oyster
shell powders and incubation

EC NH," P K Ca Mg TotN TotP TotK Bacterial number
Treatment pH
dS/m mg/L: % *10°CFU/mL
835 12.05 2,0325 6.0 3605 87.0 535 096 0.02 0.02
FD 6.7+0.5

+0.05* 045 =£1245 +3.0 £12.5 +3.0 4.5 +0.07 +£0.00 +0.00

FDA 8.02 16.75 1,553.7 11.0 5,126.0 19.0 28.0 0.67 0.04 0.52 49407
+0.02 +0.53 +176.5 +1.7 +90.7 +44 +3.0 +0.08 +0.00 +0.09 o

*Mean+S.D.

= BENEEHRKBEED D

IR A VISR » B 1120.2X 107 CRU/ETEIFRTC3- 182 Bisl 759.242.5 X 10°
CFUJg > 4UiBH 2 S EI B 554 260.8% 10° CFUJg » B /M E 2 ATEIER 59 M1 P » SRANE
TC3-ISEUFRMM A VIFRHA E o (P-TC3-18) » TTREERIKHIEN: - 99 - 65 - BERONER -
TR pHAXECH(R=) - P-TC3-ISHRHALZ KA RIS » W15 BTt B KOG 5 & E
Teb 2 KB 4 TURATEL -
= HEEABERS(1:10)

Table 3. Water soluble nutrients(1:10) in the two nursery media

pH EC NH;" NOy P K Ca Mg Cu Mn Zn Fe Na
Treatment (1:10) (1:10)
dS/m ppm

peat 56b 0.7b 12.0b 358.7a 194.3a 382.3b 585.0b 123.0b 0.51a 0.48a 0.38b 3.la  47.7b
P-TC3-1S 755 122 83.0a 291.0a 17.0b 437.0a 769.7a 139.0a 0.51a 0.42a 0.51a 1.Ib 811.0a

Significance in comparison at P < 0.05 (LSD test).

=~ HEfEROE S RERAR T

A H B R A S MR FR DU FR - Hodr DU AR SRR FE B R T C3- 1 SEL R 18 & 1)
(P-TC3-18)Z 4l e MiRER E  SERiFesd 3R & NG T)IFER R SR A IR - SRR
YA BRI SRR TR E SRR B AR TR 2RI » B e A TE S B R BB IR T C3- 1S &5
Yy > HAE R EANEIR R MIRELE R i B A R 22 52 - HR A Rl ik BA R IR TC3- 1St &
& > AR EEEYZECH ~ IReEEYE 2B HEMRTC3-1SHTE AT IURA - S EsH
REEEHE HE i P-TC3- IS Z A MEIRE B E B SR (PR BHAR ( © B4 - B/ M BRI 7ty B
ERTC3-1SEEY) > iigmEaESs &8 AN HEEREER -
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HERBENP-TC3-1S/ME T - RN EEEBE ZATE NGE ) FEEP-TC3-1S/ME Z 4R A
EHEY > 2RI 4EBOX-PCRHERE, » RV R HETC3-18 FLAR /D (B —) - HEFRIERME - 5
ZEfRNE & B E /D ERMN) - SERGEREDS - BIERE —2EEEE - RNAREEYRES > GE8RNE
BaEs - MERTC3-1SIRIARE L7k Rsie i AH B & 258 2R -
=00 ~ HEFENER FOERRHIN I 8 &) < A F it BRI E B i
Table 4. characteristics of cabbage seedlings and endophytic bacterial numbers seeding in peat (P) and

peat mixed with strain TC3-1S complexed with osyter shell powders (P-TC3-1S)

Root length ~ Plant height  Root weight ~ Shoot weight ~ Germination rate ~ Endophyte

Treatment

cm cm g g % CFU/g
P-TC3-1S 19.7a 9.0a 0.21a 0.74a 92.5a 11.0a
P 12.1b 6.9b 0.10b 0.52b 91.9a 1.3b

Significance in comparison at P < 0.05 (LSD test).

B— ~ HESEK P-TC3-1S(E A)Z fRNE % & BOX-PCR [E#Z(fE B) » M:Bio 100 DNA marker ~
O:E Pk TC3-18 ~ A Byl A FrffonZ 7% -
Fig. 1. The endophytic colonies of cabbage seedlings by seeding in peat mixed with P-TC3-1S (Fig. A).
Box-PCR profile M: Bio100 marker, O: B. Safensis TC3-18S, A: Colony present in the Fig. A was
subjected to BOX-PCR (Fig. B).

F HERWGRE

HEEAAL I IS i SUBREE R AR AT - HEEEEIYER (P) K & EPRTC3- 1 SEUR i #8
EYZJERSE(P-TC3-1S) - IBiFDRAEALE H B PSR EE 5 - A e SAC 1 9RRISE &HE
> RIPATC3-1S-CrlzPH HEE s = - HELH T B AL 72 5 (EREE EPeat-CRRBRAH (K -
LIPE EpaiH 4H (Peat-FD J; Peat-C) » AR S EFDE S AL 1SR RIAE S DRI H B R imBi o B
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VDB TIEAC T = IEHEAHEHEAL > Z FDIRAL - AIEHEAS - ATRE RN RFDIRREAE T - &F
HPRTC3-1S » HAEEE Iy ise A B ekt e ice oy - b > AEHEFDRARAE A A RV
ST AT 2 R e AC AR AT JE P A2 b 2 (B8 - il AW 92 38 B AR P L Ramichloridium
cerophilum PR L AR BEIINESER 24 RIS TR FIALBFEEN: - e HT
REEN - BUR > IRNENT R R DR - ARBRE IR ERTC3-1SHYEE
RIALAERRE T » HH B - AIRE REIMRTC3-1SEAERIAARE T - AR RAER - 81k
WEE e R (LRI E - Emfe EHEEAE -

RO~ AEEE S HERIGHE

Table 5. Cabbage harvested investigation among different treatments

Fresh weight Head length Head width TSS
Treatment o .
g cm cm brix
TC3-1S-FD 1,285.8b 12.9¢ 19.2¢ 5.7b
Peat-FD 1,405.6b 13.8b 20.2b 5.9ab
TC3-1S-C 1,640.3a 14.5a 21.9a 5.7b
Peat-C 1,416.1b 13.7b 19.8bc 6.0a

Significance in comparison at P < 0.05 (LSD test).

TC3-1S-: cabbage seedlings growth in peat mixed with strain TC3-1S complexed with oyster shell powders and
transfer to field.

Peat-: cabbage seedlings growth in peat and transfer to field.

-FD: Drench of liquid organic fertilizer (FD).

-C: Drench of liquid instant chemical fertilizer NO.1.

A~ HEERES A

HEMER TR AR » DR A S ERTC3-1 S H AR R LEZAL R R EE
A(TC3-18-C) > HABAGSS ~ e BiE » SR ERHEERRS @ (THREREESR
fEsRag -

N FERAEEKRIERERRAE BT

AR NE M BFERE R ANFR AR > B oh R R SR A EPRTC3-1 SEL#
BIHEEPI(P-TC3-18) 2 4hE PRI L - F]REEA H BEA B RN S AR TC3-1S Z A R FE A HH R RUE -
BEAh > ShEBIEE 281 ppmiE REBLNE LS < FEINHFERR(P)KP-TC3-18 » IRNEELIP
FREAAE » B EIFP-TC3-1SH » RN EIRTC3-1SH #/y4.240.45 X 10° CFU/g » EHFRTC3-1S2 ]
TEFR DUE S RUAREA B RRTC3-1S—EJ1 » S5 LABOX PCRAFAT([E ) iEf TEE EfEsR 1% - HIE Ry B R
TC3-18 -
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Table 6. Cabbage plant nutrient analysis among different treatments

N P K Ca Mg Cu Mn Zn Fe
Treatment
% ppm
TC3-1S-FD 1.5a 0.30a 2.3a 0.56b  0.13b 7.0a 10.3ab 10.5a  26.0a
Peat-FD 1.6a 0.32a 2.4a 0.56b 0.14b 4.8a 8.3b 11.5a  26.3a
TC3-1S-C 2.0a 0.34a 2.5a 0.64a 0.16a 4.3a 11.3a 12.3a  29.3a
Peat-C 2.0a 0.31a 2.3a 0.56b 0.14b 4.3a 8.5b 13.0a  26.3a

Significance in comparison at P < 0.05 (LSD test).

TC3-1S-: cabbage seedlings growth in peat mixed with strain TC3-1S complexed with oyster shell powders and
transfer to field.

Peat-: cabbage seedlings growth in peat and transfer to field.

-FD: Drench of liquid organic fertilizer (FD).

-C: Drench of liquid instant chemical fertilizer NO.1.

xR ERNEENER KRR R 8 &) 2 SR i R A E AT
Table 7. Characteristics of muskmelon seedlings and endophytic bacterial numbers seeding in peat (P)
and peat mixed with strain TC3-1S complexed with osyter shell powders (P-TC3-1S)

Root length  Plant height Root weight Shoot weight Germination rate Endophytic
Treatment

cm cm g g % CFU*10°/g
P-TC3-1S 49.6a 18.0a 0.69a 3.3a 98.0a 0.77b
P 37.5a 14.7b 0.42b 2.2b 91.3a 7.45a

Significance in comparison at P < 0.05 (LSD test).

B ~ FERNEE P-TC3-1S ZIRNE S IURE(E A)f BOX-PCR [E:E([E B) - M: Bio 100 DNA
marker ~ O: FifE TC3-1S 7 A ElE A FrfER 2 &% o
Fig. 2. The endophytic colonies of muskmelon seedlings by seeding in peat mixed with P-TC3-1S (Fig.
A). Box-PCR profile M: Bio100 marker, O: B. Safensis TC3-1S, A: Colony present in the Fig. A
was subjected to BOX-PCR (Fig. B).
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€ RERWGRE
AR IURERIGHENR /R A& RLE RN S EIRTC3-1S » R A EIRAERE R T
HAREDAMINEES  HEEERAER R - (TS 2 #(TC3-1S-CélPeat-C :
TC3-IS-FDA§i\1Peat-FDA) o IEAN > T [ P-CEEP-TC3-1S-FDARZERHE 72 7 - [fjP-CAllEEP-FDARE
HEZR BUR AR N4E & WIRTC3-1SHYEMAEEHEAC < AHIRREIE R T - BiemRE
HE S - BHATERES  FDATRRE - REACHE > BRERCERNVSICHREAE(K - 5&ET
JERIMERIIRS B 2 A HATE RO T ATanEH EER - (BIL S EA R S A -

2/ ARBEHER TREMIGEE

Table 8. Muskmelon fruit characteristics among different treatments

Fruit Pulp Fruit cross Fruit cross Pulp TSS
Treatment weight weight length width thickness
g g cm cm cm “brix
TC3-1S-C 1651.5a 1548.2a 15.8a 14.6a 4.1a 16.5a
Peat-C 1635.4ab 1526.0a 14.5ab 14.5a 4.2a 15.4a
TC3-1S-FDA  1362.5bc 1267.8b 14.2b 13.5b 3.7a 15.5a
Peat-FDA 1281.9¢ 1202.8b 13.6b 13.3b 3.9a 15.8a

Significance in comparison at P < 0.05 (LSD test).

TC3-1S-: cabbage seedlings growth in peat mixed with strain TC3-1S complexed with oyster shell powders and
transfer to peat.

Peat-: cabbage seedlings growth in peat and transfer to peat.

-FDA: Drench of liquid organic fertilizer FD and FDA.

-C: Drench of liquid instant chemical fertilizer NO.1.

N FERERED M

AR NER B O TORILFTR - SaH 2 TR & SR N 2 ERTC3- 1S3 EFDAR
R R st BES  TREMARILEIINEAMETER - BERNSEIRTC3-1SEAR)
FREERITEER TT R Z RIS > ZR1T - R PRI SRR 22 5 RACH IR T E 24k - 2 At
MR EHERT3- 1S 2 ARG R ERRIE . R ME TR B2 -
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Table 9. Muskmelon leaf nutrient analysis among different treatments

N P K Ca Mg Cu Mn Zn Fe
Treatment
% ppm
TC3-1S-C 1.9a 0.55a 3.8a 5.5a 1.2a 38 74.0a 38.8b 102.0b
Peat-C 2.0a 0.67a 3.7a 4.2a 09la 4.5a 73.3a 54.3ab 124.8ab
TC3-1S-FDA 0.95b 0.32b 3.8a 44a 0.97a 5.0a 76.0a 70.8a 148.3a
Peat-FDA 0.94b 0.35b 4.0a 3.6a 0.92a 4.0a 76.8a 42.0ab 115.0ab

Significance in comparison at P < 0.05 (LSD test).

TC3-1S-: cabbage seedlings growth in peat mixed with strain TC3-1S complexed with oyster shell powders and
transfer to peat.

Peat-: cabbage seedlings growth in peat and transfer to peat.

-FDA: Drench of liquid organic fertilizer FD and FDA.

-C: Drench of liquid instant chemical fertilizer NO.1.
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Application of Oyster Shell Powders Complexed
with Bacillus safensis TC3-1S in Production of
Cabbage and Muskmelon'

You-Hong Zeng ?and Ya-Wen Kuo *

ABSTRACT

Opyster shell powders can be used as a carrier for Bacillus safensis TC3-1S for producing solid bacterial
complex. Applying the complex in nursery medium mixture may help to increase the colonization of
strain TC3-1S in cabbage and muskmelon seedlings. Applying the complex as an inoculant can produce
relative high nitrogen contained (FD) and relative high potassium contained liquid organic fertilizer
(FDA), both with the bacterial number of strain TC3-1S higher than 10° cfu/ml. Transfering cabbage
seedlings with or without endophytic strain TC3-1S into field with applying rapeseed meal as base
fertilizer combined with drench of instant chemical fertilizer (26-13-13), increased cabbage weight
(increase 15.8%) and higher contents of plant calcium, magnesium and manganese was also found in the
seedlings with endophytic strain TC3-1S. Planting the cabbage seedlings without endophytic strain
TC3-18S in field with rapeseed meal as base fertilizer and drench of two fertilizers, the harvested cabbage
weight was no significant difference between drench of instant chemical fertilizer (26-13-13) and FD
liquid organic fertilizer. The result of melon experiment showed that the fruit characteristics were not

affected by endophytic strain TC3-1S but only influenced by different fertilizers.

Key words: Bacillus safensis, oyster shell powder, carrier ~ endophytic bacterium, cabbage, muskmelon
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