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MLBV19-3 4= V)18 BB RAVA B BUASTE M - & & o TEW AT s
Fy AT AR Bacillus velezensi > #E—FREEk = &—tAEYERES © (1) & &
AE (AG) ey By (N) £ 29% ~ B (P) 2 9.5% ~ # (K) : 6.5% » il = EARIHIER 5 (2)
LELAI (AF) 257 BB (N) £ 3.5% ~ B (P) £ 8.5% ~ $F (K) : 19% - fiL1% BABATE4S S A T
FE 5 A EE TS B R IR AE SRR » S a— TR EHAHRIER - FFE 1,000 £
RIATEHERAFIVRER © DL=&— (U EYIRERRRRE 1,000 {51817 5ar Bl i FH RETaES
G IR AT AR A LR AR R R4 - R SRE BT 37.7% Bl 43.5% ~ MEELLL Y AR T
27T 28.6% B 22.9% - HIZZRARAE R i b AR LR A BV AWM A 2 2845 -

RIS © AP AR ~ FeRRE ~ fAEIHOR
QD IN
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B4 9,1412 A > EEEMAIEEIE - mk - BT ER > R e A EmTE 451
UNEH > 8915 88.6% 0 RyiREEE Z LR (SRS 0 110) ) SEEEIIE N &
FHEEFY) - TS EEREESN - B R RN AT ER - BEERORE
GEHELZ R EMBUSHVEES WIS IR N B o B H B R - Rl
RIAEREREE > B A EER LT - SRR E &R 2 HNE IR I8 - mdER
JREE ~ THERGS ~ BRI EEFRE (RF > 2021) - DUEVIMERSEEM B QE r E4r1E
SR - BIR Ry sE i 2 B YR -

TRAETIRDR ) (i AN LERE 2 MY EAE - E LB RTERAY 2 FH
DR BRI E R AR - i IS TR B B 3 2 BRAE ~ M E - FELIIY
IEYIFE & KB # » NIEE > SAEYHERE AR BETRAE TR T R =&
HATEEMAEDSRIRE T - 8E (SRREH) ~ HE - SENEAHEY Z
FrE B > ER Y A E B R RAHEY S o Bie 8 0 A FETCZ MEY)
g (B0 2010) » BAEVINEA 3% - Fo 2 DI B E R B HIEN - BRI MAE
YrEtE > HEEEA A WE REER K~ R ORE - s o (Y%
2014) - MAEVIRERIBERRTHEVIE WU RE T > INILAEALREECE T - REZ EIEPE
H2ERURATRER © (HER 8 Al S DEVE SRR A EYERIRHIN
T VAR DIV ST o dERF IR P BB o (IR IR T (22
2019) -

FEBAHEREZEFTNVZL  BENKEK S ZBP AR (Perez et al,
1992) » ZR N H B MBS He B & i B TR L B IR AW & G B R B RS =AY ATAS
Galili e al. (2008) 5t VURERZ (ARG - ZARRIZ I ~ BAREEE - RPTEMEIENIR T4
Fihzl% (Gln > Glu » Asp Fi1 Asn) » 41 TCA {EER (tricarboxylic acid cycle) 174 H «a -
Bel T — EE AN Sl £ - A S A LR AR LA Bt e Bl - WASEFE i B
FH 9 mmol /L Hfzlg 4 18 - BN EEIfEE - EaMEIIEER ~ 44K C - =i
ZE'a e (Yang et al., 2018) ; [MEELEFEE 30 Kt 500 uM HIEHEEE & 12T om
B (4EE - B AREE - ILEERE B SRR O NEE (F— - IR
YA EE ) Fariba ef al. (2017) «

A

PRAEPIRCHE AT DA B IR R AR VR - I HIRAEY R & - e ey —
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SLEEEETUR (e R FYIMREL R YR (8 » 2014) » ITERZEEZGSE
E - RREEFHIRRBEEMEYIR  MiefhEE 2 —  BoEHESH]
# 5,000 JT > AP B E S R EY) 2 B IR AR M AP ATE - I
AL T AERE AR - SRR AE B ELATR R B B AR M 2 234 -

MR 53k

— ~ AR R R E

NI S FEEES VAL WK o e A iR R 7 N6 el v U= i S NG = (U
~Z MLBV19-3 F#f » #E—ChIHEE RS DNA 1% > BHfR$E Sandstrom et al. (2001) #its
H1 A st~ universal 16S tDNA 5 [F-¥f > 10F : 5°-AGTTTGATCATGGCTCAGATTG-3’ -
1507R : 5°- TACCTTGTTACGACTTCACCCCAG-3’ # 77 ¥ fF » PCR & {4 A 10X
enzyme buffer, 250 uM dNTP, 250 nM primer pairs, 100 ng DNA, 0.25U Taq DNA
polymerase (Dream Taq, Thermo Fisher Scientific Inc.) » PCR {&A-{EZ £ 95° C, 5 mins,
35 cycles 0f 95" C, 30s;60° C,305s; 72° C, 1 min 30 s; 72° C, 10 mins Edfz{8 5412 4°C -

DNA gyrase subunit B (gyrB) F:[R5 [ T-¥f > RIlE&27% Yamamoto et al. (1995) g&s1
UP-1/Up-2R 5|1t & € FF{#E ] UP-1S : 5>-GAAGTCATCATGACCGTTCTGCA-3’ ~
UP-2Sr : 5~ AGCAGGGTACGGATGTGCGAGCC-3’ » H PCR {&{F B4 I #f » PCR
G- BT AR 38 S8k 2% € By 95° C, 5 mins, 35 cycles of 95°C, 30 s; 60°C, 1 min; 72°C, 2
mins; 72°C, 10 mins BIFERS A% 241 2 4°C - & PCR EEVJH#ETT gel elution E4H [H[L 1% -
FifS PCR EY AR E B IS A YD B PR/ 5] (Tri-1 biotech Inc. Taichung, Taiwan)
HEATE P i B &5 3 DL S= B A= P 150 1 & 51 s (National Center for Biotechnology
Information, NCBI) #guiFf S kAL R E R R HEITEL ¥ -

T ZHMAYIIEH B

MLBV19-3 E#REE A M S i b B R R B 5 1% » RIMEESREZ
E > R SRR R R 2 RPRB R IR T FOR G LS ACR ( HEZE S E
Rgrs - BT AR AT A ERR AL ) - BRERIEES © (1) ER/AE (AG) [T B
E 1 29% B 9.5% ~ $1 1 6.5% - T E AR ¢ (2) GERHL (AF) lir Ry
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3.5% ~ Mg+ 8.5% ~ # 1 19% - BHRIHBATCAERIIE - FER R 100 T ieftg
FUEYIHERATA (W& MLBV19-3 ZF/ERREE RS 1 x 10° CFU/g) -

= ZE AR F RS TSI

alERH TEEMEE AT (R—) > EMEATHE A TR T 2 BACAWE TR (22
TR AMRAT > F - 3.8% ~ B 0 2.8% ~ §# 1 3.5% ~ HIKE  72%) > (KEEL
R & - 12,000 47 SRR T > SE 2@ IEEET (RCBD) > A Jg#
=a—EYHDRRRE 500 % ~ B B : =& —FEYIHERMRE 1,000 {5  C i
= o AEYIHCRRTE 2,000 {5 ~ D B © {EEZHDRIMETE 1,000 £ 2 #H4H (CKD)
EpaH A /KZ $IR4H (CK2) 55 5 B ~ 4 4 B8 > FEEHL 105k A RIE 2
FAEFHARAC (AG)T 23k 3 21> FEAEHHR BN 2 A HISSSRAE (AF) 1 K[EIRR3E 3 K
fFREEHE  RE/NERI 10 PRZIIFRESR © HEBENELRGE - (fEER

V9 ~ =& e VIR Ssg Bl 2o e FH I

R H TR B ST A0 (R —) - e AR A e - 2 B A R E R (=
HITERDARAT » & 3.8% - B0 2.8%  #1 1 3.5% « AE : 12%) > RIEE
SNEAAEEE AR ¢ 12,000 A 0 BRI T Se iR SEakET (RCBD) - A i
=& WEYIDEFEE 1,000 (% - B B SREIRE + (RE2ADE (MLBV + CF) #if#
1,000 {5 ~ C paf © B Akfg + {LELHRE (AA + CF) #if 1,000 {5 ~ D #f - &ifBERAE
FHTE 1,000 8 2 BHEEH (CK1) ~ E g fi 7K Z BHIE4H (CK2) 32 5 i - Hirr A
B~ C mH ZALE Ry B EME - ARIE 2 MEMARLE (AGT 33 X
FRACIAR R 2 FEEREERIL (AF) 1 33 % i EEmEAEK - sliREs 1
FRtdt 4 S > FEWE 15 Pk PREE 25 om > FFEEE 4,500~5,000 £k / 47 o A
fEREE HE/NEHUE 50 L2 IR EE - FERREE R/ NE U 20 R & HIHEE ELRL
FEZEEB : ftad&E it £ iR ER A RERE HE/NERI 10 PRZ
IEEEE > MR NERUEE 20 fi AR -
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F— - EEUEYE R & S E T
Table 1. Soil properties of test crop’s fields

EC OM Brayl P Exg.K Exg.Ca Exg. Mg
pH (ds/m)  (ds’kg)  (ds’kg) (ds’kg)  (ds/kg)  (ds/kg)
Pepper 6.53 0.07 23.2 55 90 1,770 210
Courgette 6.35 0.05 24.2 53 95 1,680 220
Tomato 6.23 0.07 24.5 50 93 1,800 210
Strawberry  6.62 0.08 25.6 50 92 1,850 215

Field location: 24.42649399559438, 120.87010667663039, Take topsoil depth: 15 cm,
analysis after sieving
pH: pH value, EC: Electrical conductivity, OM: Organic matter, Exg. K: Extractable K

ffi% n_‘rnﬁﬂ

— ~ 23 R0 R R R e B R R
ABHFE E e SRR RS <~ AR PR T A 58 2 PP AR B MLBV19-3 > HE
FR&E R m] DISAD > R Bacillus EREH > 16S rDNA %E\ﬁ%%—{ﬁﬂ'ﬂ%U%U@Z%
TEAA - MHEL gyrB A - IR REIE B ETE - MLBVI19-3 k2 gyrB AR
NCBI &R} EER S éﬁ%ﬁi\i Bacillus velezensis AL7(accession number: CP045926.1) fH
DU S 2 99.41% ; HE— I Zt e in TEWTT AT 1T BRI e 45 SR [FIRE Ky FURHT = 1
TRE B. velezensi ( #2E 5705 :2016D153) 5 FHHI ] I 72 be AR M 28 R MR ST 0
7 = EYfE A $hAEuE A 2 (https://taibnet.sinica.edu.tw/) » H IR ZEFAFRE B. velezensi
ARt Ry 422896 0 THAEYIHERIESLES HIRAI NS - GRBFE AN E AR E Z
T kR A e WAt EEY Y E BT s B GLP TRk B Ak =
M2 e el b L S0 (&SRS 0994G19MAO E1 0994G19MAP) Zﬁg
mAYIENE - MLBVI19-3 L BIARE « 758 R EEY) 4 &R FHAEYRDEEI T @ /&
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g 5 P G B T o BROR B - S A B o Ot 2 1,117.3 pg/ml/day (Bl =5 )( et
w5t :105F0795) ~ JA PG MEEE 25.0 pg/ml/day( §# &4 )( & S5t - 107F0270) »
A YIRS SO AT R Z AR A E A

= ZEAEYIIEEH SRS I T

FH 7 PRER R T S S0 FH AT SR B - B/ NER R 10 AR Z NP EE - D
AR T =& —AEYHE (3-in-1 microbial fertilizer) 572 500 25 B M © =&
— I AEYHE R RE 1,000 (FHEFRIFER C mH » =& —WEYHDEFRREE 2,000 & K
D  {EEACRFREE 1,000 £ 2 ¥F0R4H (CK1) » &&uat otz =% (R )
I 7K Z B HdaH (CK2) » N R RIEIIf e S BT R EAC - P REERE  H
RGPS E NI ARE MLBVI19-3 AR A BT H DRI DS - ml iR
REEYINER - =& —WMEYIHDRHF: B e A 2 i A A B AR 1,000 (% A3
IRV - R SR REMNRAZE - AR AR R B - Fi
EAEH VSR A & T 0 AT 36.5% B 17% -
R A FIREN =& — VDR S IS N R & 22 2 (CF - (B8

L)

Table 2. Comparison of 3-in-1 microbial fertilizers with different concentrations on fruit

weight of green pepper and courgette (CF: Chemical fertilizer)

Fruit weight (g/FW)
Pepper Courgette
A. 3-in-1 microbial fertilizer 500x dilution 1,880.8 £109.9 a” 3,522.5+ 81.5a
B. 3-in-1 microbial fertilizer 1,000x dilution  1,850.5+104.0 a 3,577.5+ 91.5a
C. 3-in-1 microbial fertilizer 2,000x dilution  1,491.3 +£147.2b 2,996.9+133.1b
D. CF 1,000x dilution (CK1) 1,3553+£1549bc  3,056.7+1549b
E. water treatment (CK2) 1,055.6+ 913c¢ 2,167.5+148.1c¢c

Treatments

“ Mean = standard error (n = 4). Means within each column followed by the same letter(s) are
not significantly different at 5% level by Fisher's protected LSD test.
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= ZEAEYICRH s R HIEARG R

BEABEEGEREUR  B/N& SO ML Z IR PHERER - DLARHE © =&
EVIRERIRTE 1,000 1% 5 B i@ © SFEARE + (LERACRIRTE 1,000 (%5 2 730 i
BE > ik 1,122.5 g ~ 1,089.2 g » #EHI =& —HUEVIRERE R AR + (LE2AERE
BRI E B A FEERAOIRER > Lol C R - BRI + (LE2ARRRRE 1,000 £%
AR E R 853.5 g K D el © «l(BERHURMAATE 1,000 fH¥1IG2H (CK1) £ 815.3
g KGEt oM EEE SR (R=) > MHEA/KREE IR (CK2) iy i REE
F5 635.2 g INARIEI e 2B L R AL PR EERE D HEE/ N
20 RrEEEEMERRLL 2 455 0 A FRHE ¢ =G — AR AR 1,000 £% R C R
feFkRg + (CERHERATE 1,000 £ > FE-FIHERLLE (Brix/g acid) 73505 9.9 K 9.5 >
TIFEFER - iR EEERELE IR T > WA E AR IR AR
Bf > LE#E B B : ZRAARE + (LERHDRIRRE 1,000 (HEREEAH K D B - SU(LEZADHR)
1,000 f&5 ¥ HG2H (CK1) HY-PHREREEE 735 8.1 f2 7.4 > &LEET TR E A= 5 (3R
=) iMiEAH/KEHEE IR (CK2) B FIRERREE Ry 6.3 » [RIRIAARENIf T 28T R
B A an'E (MERREE ) B2 - SR ERIET - =& — MDD P AYZE
IR B R B A SR IEH - Al FERHe - S A e s Bl Retb o s -

T ERET R BTN - B/ NERIL 10 PRZING VIR EE - FEEDL A R
=G MAEPHEE 1,000 (55 B paH  ZREARE + (EERHDR 1,000 {2 BEAH R 5
(B5 > 535 R 1,867.5 g~ 1,750.6 g > AlfSHI =& EYIADR R SF AR + (BERHE
BH SO R E B A VIRHE T HIRCR ¢ bl C e ¢ feAklE + {EERACKT 1,000 &
HYPHEEREE 1,305.3 g K D i © 4i{EE2ALRKL 1,000 (H¥EIEEH (CK1) HY-PHEER
EE 1,301.2 g &Et B AR (R ) e A /KE IR (CK2) £y
P RERER 9352 g0 PHEREERGE - B EE/NE 10 AR
HRERE ( Brix) > §5REUR A B | =S —HEYIHDR 1,000 55 C B ¢ fEAkEL +
{EERAEHRE 1,000 fEHYFEHERE 53751 Ky 8.6 f¢ 8.5 » FRIRFEFER - H A RRAY RN
B I A A Bt B A IE B B bR B iEH ¢ ZRAUARE + (LEEADRE 1,000 %
TR PRAHER D i B  GlBEZACHE 1,000 fEFEHIG4H (CK1) SO RERE 35l Ry 7.2 B2 7.0 - &K
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et E 2R (RIU) - kA /KE B EHIRAH (CK2) HPHRERE Ry 5.6 - [ElBE

R AE IR (B 7o = B T R B BB A NEE B e 2

% HLIR AT A S 55785 S 2B F BL I E > 2 B (MLBV : MLBV19-3 ~
AA © JESER: ~ CF ~ LA )

Table 3. Comparison of fruit weight and sugar-acid ratio of strawberry applied with

different formulas of fertilizers (MLBV: MLBV19-3, AA: Amino acid, and CF:
Chemical fertilizer)

Sugar-acid ratio

Treatments Fruit weight (g/FW) (°Brix/g acid)
A. 3-in-1 microbial fertilizer 1,000x dilution 1,122.5+25.14a" 995+0.33 a
B. MLBYV + CF 1,000x dilution 1,089.2+£35.2 a 8.12+0.27b
C. AA + CF 1,000x dilution 853.5+289b 9.52+0.29a
D. CF 1,000x dilution (CK1) 8153+28.1b 7.72+0.31b
E. water treatment (CK2) 635.2+20.6 ¢ 6.31+042c¢

“ Mean =+ standard error (n = 4). Means within each column followed by the same letter(s) are
not significantly different at 5% level by Fisher's protected LSD test.

VU~ CEgA [F) B 7 RS 5 2 i i 2R B 2 B 2 7% B (MLBV @ MLBV19-3
AA ©HEERE ~ CF ~ AREADR)

Table 4. Comparison of fruit weight and sugar content of tomato with different formulas of
fertilizers (MLBV: MLBV19-3, AA: Amino acid, and CF: Chemical fertilizer)

Treatments Fruit weight (g/FW) “Brix
A. 3-in-1 microbial fertilizer 1,000% dilution 1,867.5+50.1 a" 8.62+0.33a
B. MLBV + CF 1,000x% dilution 1,750.6 £ 54.5 a 7.23+£0.27b
C. AA + CF 1,000x dilution 1,305.3+48.7b 8.52+0.28a
D. CF 1000x% dilution (CK1) 1,301.2+42.7b 7.03+0.31b
E. water treatment (CK2) 9352+62.8¢c 5.62+042c¢

“ Mean =+ standard error (n = 4). Means within each column followed by the same letter(s) are
not significantly different at 5% level by Fisher's protected LSD test.
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5 [FH SR

RBHHE ~ ZXIEE - MRERFE © 2021 - BRIV R SRR 2 EA - BEEE
FEHEN97:1-2 -

M P 4~ FESTHE - STFRAL ~ BEIBAE © 2014 © BAEYIIRRI  BELIER - E P E A
87: 16-19 -

i

IEE - 2019 - (APIHER HEHEH 2290 - SR RsE S EN 850 1-2 -
BAtKiE © 2010 - HIWEAPURLES 9 Fi - 542 H - RHEIAIRAF] -

Fariba, M., P. Zahra, and P. Bahman. 2017. Arginine impact on yield and fruit qualitative
characteristics of strawberry. Agric. Conspec. Sci. 82: 19-26.

Galili, S., R. Amir, and G. Galili. 2008. Genetic engineering of amino acid metabolism in
plants. Adv. Plant Biochem. Mol Biol. 1: 49-80.

SHRREARERESERERREEVERZEE 9



Lu, N. N,, Z. Z. Shen, and D. S. Wang. 2018. Effects of amino acid organic fertilizer on
cucumber yield and soil biological characters. J. Nanjing Agric. Univ. 41: 456-464.

Perez A. G., J. J. Rios, C. Sanz, and J. M., Olias. 1992. Aroma components and free amino
acids in strawberry variety Chandler during ripening. J. Agric. Food Chem. 40:
2232-2235.

Sandstrom, J. A., J. Russell, J. P. White, and N. A. Moran. 2001. Independent origins and
horizontal transfer of bacterial symbionts of aphids. Mol. Ecol. 10: 217-228.

Yamamoto, S. and S. Harayama. 1995. PCR amplification and direct sequencing of gyrB
genes with universal primers and their application to the detection and taxonomic

analysis of Pseudomonas putida strains. Appl. Environ. Microbiol. 61: 1104-1109.

Yang, X., L. Feng, L. Zhao, X. Liu, D. Hassani, and D. Huang. 2018. Effect of glycine
nitrogen on lettuce growth under soilless culture: a metabolomics approach to

identify the main changes occurred in plant primary and secondary metabolism. J.
Sci. Food Agric. Jan. 98: 467-477.

10 BERERFARSE ARER H+_H



Effect of amino acid fertilizer with Bacillus
velezensi on fruit vegetables

Sheng-Chi Chu*', Che-Hao Chengl, Yu-Ren Lin', Hung-Chun Wu?,
Ren-Che Hsieh’, Shih-Yi Pan’, Bo-Shiuan Tseng’

! Miaoli District Agricultural Research and Extension Station, Ministry of Agriculture

* Taiwan Fertilizer company

ABSTRACT

MLBV19-3, a Bacillus velezensi strain isolated from strawberry rhizosphere soil, has
great phosphorus-dissolving and potassium-dissolving activity. To evaluate the efficacy of
a new formulation of fertilizer containing MLBV 19-3, amino acids, and chemical fertilizer
on fruit vegetables, two types of multi-nutrient microbial fertilizers were developed: (1)
The growth fertilizer (AG) for the early vegetative period, which contains 29% N, 9.5%
P, and 6.5% K; (2) The resultant fertilizer (AF) for the later flowering and fruiting stage,
which contains 3.5% N, 8.5% P, and 19% K. The field trials showed that the use of multi-
nutrient microbial fertilizers application with 1,000 times dilution was able to increase
the weight of green pepper and courgette significantly. Furthermore, the effect of multi-
nutrient microbial fertilizer on field trials showed that 1,000 times dilution was able to
increase 37.7% and 43.5% of fruit yield, and 28.6% and 22.9% of sugar-acid ratio in
strawberry and tomato, respectively, as compared to chemical fertilizer. Thus, the new
formulation of fertilizer containing MLBV19-3 can greatly enhance the yield and quality
of fruit vegetables and could be an alternative fertilizer for farmers.

Keywords: Bacillus velezensi, amino acid, microbial fertilizer
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