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The preparation of Bacillus velezensis strain XY40-1 suspension for

seed coating and its effect on eggplant growth

LIN Yan', LI Xin?>?, TAO Yu?, CHEN Jiawei', RAO Liqun'*

(1. College of Bioscience and Biotechnology, Hunan Agriculture University, Changsha, Hunan 410128, China; 2. Hunan
Vegetable Research Institute, Changsha, Hunan 410125, China; 3. Hunan Engineering Research Center of Endophytic
Microbial Resources Exploration and Utilization in Plants, Changsha, Hunan 410125, China)

Abstract: This study developed a novel biological suspension seed coating agent by formulating the Bacillus velezensis
strain XY40-1-based biopesticide suspension with film-forming agents, warning dyes, and synergists. Using eggplant as the
test crop, the quality and efficacy of the formulation were systematically evaluated. The results showed that by integrating
with film-forming agents(6% polyvinylpyrrolidone), warning pigments(0.4% alkaline fuchsin), and synergists(50 nmol/L
pyrroloquinoline quinone), the quality of the prepared seed coating agent meet the national standards, with live bacterial
count of 2.5x10° cfu/mL, pH of 7.647, with qualified film-forming properties and pourability, and with 92% coating
uniformity, a detachment rate of 7.67%, and a viscosity of 100 mPa-s. In the greenhouse cultivation trial, eggplant seeds
were treated with a seed coating formulation at a agent to seed ratio of 1 : 35, and the results showed that the germination
potential, germination rate, and emergence rate of eggplants in the experimental group increased by 364.77%, 13.49% and

67.43%, respectively, compared to the control. Moreover, the seed coating agent demonstrated enhanced efficacy against
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Phomopsis blight, with disease incidence being reduced by 40.42% and disease index being reduced by 38.26%.

Keywords: biopesticides; Bacillus velezensis; biological suspension seed coating agent; eggplant
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ARAESEYI AR, SETHEYIXEFR TR
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XA AR Y AN AR AR P38 AT S22 PR il T
A, AL RO PBMEERI R R+ EB, BRI
Bl ) S5 A AR R R A DS 2R A T
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S, AR RO TEAE AR bR T i . o,
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P04, IR ARSI A 45 1R, D3R
W ZE AT R YB- LA FERI S, /N2 X SOt 1Y)
HB] B A RCR1563.37%. F VLA D13t 25 £
FEIE ZLP-101 2 SCHE TR A, 3l LA DE 4 28 F A 13
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ST AT TR G- 1 SR G A P JR ) ] 25 B i
FIACTH, e BAZ AN AT X 1 e 2 AR BT 1Y) 2R 1=
YUl 481587.74% , FRUNZRIAGRAINT 2 3 22 JRANG
PREA RAFAIEeR .

Ji b 25 81 ) BfE 5 e WY DL i 2R AT BT X Y 40-1
X Z2 PN BRBUG 5 2R I B R ASCR , [RIEe R
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TR EIA 83.74%, LAXY40-1 K KM R 1ILEY)
R IF XTI T 50565.63%0191, AR LART AR SE
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FIATRNAITE8, LAAA DS 2 FAT TR XY 40144
FIAHI IS 2t & SR RS2

1 #MRER*E
1.1

PEAERR: VIS ZEAIFFIRIXY40-1(B. velezensis
XY40-1), HiH E AL SR W R O AR, G
HCCTCC NO: M 2022342 478 Fh T W B Hy
2.05%10° cfu/mL. D3R ZEMIFF XY 40-1(LA R & FR
PR R XY 40-1) A 2 i R E 7 o« R Jo 2K itk R
1.5%., MHiR-80 2.0%. 2% 5 B BF1i8.0% . HifsHL
#310.5% . & FE4.0% . ~A20.16% . —H ZLAEIH0.2%.
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1.2.2 EXREFREEAZHNHL

VIR -5 A P v SR B A TR AV, P4y
BUTMAGHZRLT . BbLT . — 4 b =8k mabEfhar,
TRAH#1E30 minf5llE LB TS AL, s
BRI S . AR A FA A 3K
1.2.3 3aFAZHHik

PAIPQQMHEZLH, MEX AR M (50, 75, 100,
200, 300 nmol/LYPQQALHE T F—1-fl) & 2 K & 2
R, BB TR 3K
1.2.4 FRF A A F4R69 0 2

P EMEXY40- 142 B LBIE SR 3P, 36~39 °C,
160~200 r/mind&i%355510 ~ 18 h, 153 KEK, ¥
LA A B PR S AR | 2Bt | 3 %%
. ¥ R GB 20287200623 52 15 R %L ; $4 IEGB/T
1601—199324Mll 3¢ pH; 2% GB/T 17768—1999122
MW . B8 ARSI AR IS %
1.2.5 EHRXY40-1 25 AR 7] F69 Thik

FEZGRp TR LD - 25, 12 35, 1 : 4SXJFh Tty
A, DARGIKFIF Rt BR, DR &R iEn
b, EREAEZRI . A I AL BRI E A 3R
1.2.6  ZFAP R A A R AN 2

PR S TR T TG & 2R 5
WA KGR, X RRA AR AT T, AbEEL
XY40-1 B FER AR A FRP T, ARHIEE3HER .
FH10% IR S FR ANt FFP—F 2R T 2210 min, FEAHTC
PRZKIEVES ~ 61K, FhF AT 5 SRR 44 B e £ 24
FEIRA G AR, BRI, 25 °CRmEE:
35, RT3 A5 dG TR RS R R,

Kb rEfh 2 108, 25 CilRESEFR, 1545
Gt R, 30 dEMER k. 2B, ZEK
AR | BTG | R S E R R A SR
PL27 %% ik - 145 - W9 R AR PR A 1) A 38 Ay B A X
HRALAKEFERI R 28 AR, TPAl A= R AR B 5
TRROR o ARE SCHR[25 1% e With 402

Z: BB O POV 7 v IR AT A5 T 4 S0 B P i
TTHRIEEE
AT

K H Microsoft Excel 2010, SPSS 22.0 #F1 7%
Pa4 3157 #41; K HGraphPad Prism 8.0 4] .

2 HERESH
2.1 PRBEFTIE ik

VPR CARIE . RVGIENE . BT e . Bk
JBes . B . PVPHES RO oy, 4553k
B, ORI, R OIGEE . RNIRImEL AT
s BATREATAR S . ARCHs . FRERCRNHR, JCvk At
R, BRI [ PVP R T
PR I, BEEEPVPHEL 15 i F R 0 vE 15
i — SR & R 4%, 5%, 6%. 7%
PVPA SN B E i A Y27 R, SHRhFilb it
AACFR, W H AR ] . ISR L AR
K, NEITTLUFEH, 4%, 5% PVP #EKIESES
PR 2E, KRR, HALAKIG M BRR
WA SR METE AR A E Z bR ; 6% PVP
ISR, BN B, BB A4,
ARSI R92% , WARNETEHRT.67%, FFAER
bR PRI, ASBFSE OBSR D R 6% P VP,

1.2.7

#=1 TEIRA=EPVPHIIE Mt 5E

Table 1 Physical properties of PVP at different dosages

FHR/% K% K% B % B WARBEIE % AARBTER%
4 (97.87+0.30)a (1.89+0.08)c (2.52+0.09)b G (86.330.58)c  (12.33+0.58)a
5 (92.61+0.50)b (1.91£0.05)c (2.59+0.07)b G (90.33+0.58)b  (10.33+0.58)b
6 (8742£044)d  (2.54+0.06)a (4.82+0.11)a i (92.00+0.00)a (7.67£0.58)c
7 (89.77+0.50)c (2.24+0.19)b (4.77+0.09)a HHs (92.00+0.00)a (7.67£0.58)c

T FSIAR S EEFR IR AL BRI Y 22 5 A GE 2738 3L(P<0.05)

2.2 EmapiEt
F6%IPVP 5 X Y4014 1) B 1 I Be i iR &

VL, TS ITEHERAT A R TR A TRTES R 2. 7210 ef/mL
IS TIBRAEL ) 2 BT B4 736 PR B3R 4.00%10° cfivmL, 2
BT RIIRZHI(4.50x10° cfimL), PEBIRHSELT . 3B
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1 TERM R A S4B TXY40-1EHEREE
Fig. 1 Viable cell counts of strain XY40-1 under different basic

fuchsin concentrations

(b)

(a) FRPEARLI R H0.2%; (b) Btk b2l I H0.4%; (c) BtEShLI & M0.6%; (d) Blt:shZr & -70.8%
E2 AEWMERIASLHERHMFHFHLEEHR

Fig.2 Coloration on eggplant seeds treated with different concentrations of basic fuchsin

2.3 BYGIKERITHE
HiZe2n] %1, 50, 75, 100 200, 300 nmol/L PQQ
PRESR T Y, AR50, 75 nmol/LIYFRTTAL
R, RHSIR1%200.00% . 133.29%; 50 nmol/L
AEERAY R 20 96.67%, i T HAMARRER) . R,
HEPEPQQUE 450 nmol/L.
#+z2 FEIREPQQAEEMFHELFERLFE
Table 2 Germination potential and germination rate of eggplant

seeds treated with different PQQ concentrations

PQQE/(nmol-L™) KEERY% REFHI%
0 (7.0043.61)c 93.67+3.21

50 (21.00+5.29)a 96.67+1.53

75 (16.33+1.53)ab 96.33+1.53

100 (10.67+2.31)bc 96.00+1.73

200 (10.00+5.29)be 95.33+1.53

300 (9.67+4.73)be 94.00+1.00

T [RISIAE 7R R A B A ) 22 A GE i 7 X (P<0.05).

2.4 BEHRXY40-12F T ER = 0HE
MF3HTLIE Y, AXYA0-1ETFFAR AR 1
TFRR R KRR P B 28T, 424
FREC AL @ 350, A ZEHGEITR31.00%, 5w T HAMM
REFREY, REEZIR533%, REHR . KRS
XHER364.77% . 13.49%. 4258 L 1:250T,
BIRK ZEREIR96%, (HEZHAE17.67%. HiL,
CEE2ATRRREE R, AR+ 35,

®3 AEHMELBREMTFHLFERELFR
Table 3 Germination potential and germination rate of eggplant

seeds coated with different drug-to-seed ratios

2t K ZERI% KEER%
CK (6.6743.51)c (84.004.58)b
1:25 (17.67+2.52)b (96.001.00)a
1:35 (31.00+3.61)a (95.33+1.53)a
1:45 (16.67+3.06)b (91.33£1.15)a

T [FISIAR TR A B A ) 22 A B2 5 X (P<0.05).
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2.5 BHRXY40-1 2 ZFhRFIIN B ierrtainlss

Xif B RR XY 401 B V7RI AR 3 B4R AR PERE A T
K, Z5FER, PO FHE BEECH2.5%10° cfu/mL;
SNICRECERLT 6 IR B S BRI, KL
JEA S RUES S, (HETEER T Tk
SR, JCEEHINGE ; pHONT.647 5 B 4100 mPa-s;
B s MBI G AIISIE 92%; 13
KT 2N T.67%

2.6 BEPEXY40-125Z MK X0 F A KA 200
2.6.1 stiFh@E, ARFHAH

T TR R HZG R L 13504, IIAE L e
MR, GEIRAINEAPTR . #&FI1S dE AR H
HRIKT3.67%, W m TCKAY, A& T XTI g
1567.43%. 30 dIGIMEM TR 2R, K
TP RRRR . ZEHL. 2R BEK . RARERL. Rk
PR X, Hd, Z5H80.48 cm, MK

F4 XY40-1EEMFHHERREHRZEERK

Table 4 Emergence rate and seedling-stage agronomic traits of eggplant treated with strain XY40-1

. nf
st MEEe BRRfem  Zem  EKem  Bkiem  PREIBY o
cm
CK 44.00+£529  11.60+0.76 0.41+0.01  4.17+0.63  730.50+71.66  399.21+16.43  25.11+4.36
XY40-127FFARS  73.67+4.04™  12.73+0.68" 0.48+0.04"  4.87+0.22 1 026.04+175.88"" 543.91£0.23™" 35.30+5.91""

H: *FIRP<0.05, **FI/RP<0.01, ***FE/KP<0.001,
35.30 cm®, ¥R ELTCKAY; MR 026.04 cm, R
ARIMFS43.91 em?, W E LT AR T 1Y,
I HECKE40.46% . 36.25%. 2BAXY 401547
XAt 1 1 258 e A R AR B B A e A
s TH BT EEEE. T h S
#oh

FEFR30 dJs I g AR K R e Aol

2.6.2

HSH, SRS WERSTTH, SRR 4
H AT ISR R i e R
(P<0.001) /5 FXTHEAY, 43 00 Bt 55 T6.1 mg/g .
2.91 umol/(m?s); ZEPEHERESCKER R 10.62 mmol/(m?s),
IR COLHE FE il 3 (P<0.0 D#R ) 177.93 pmol/(m?s).
G5 2 W T AR XY 40158 77 Rl 771 i 42 v A Pk
I

x5 TRILEEHFHINHEZELERMALESH

Table 5 Chlorophyll content and leaf photosynthetic parameters of eggplant under different treatments at seedling stage

Qb M2t E S R/ (mg g ™)

HOCA R/ (umol - m2-s7)  ZEMEH R /(mmol-m2s7!)  J{[A]COL MR BE/(umol-m2-s7!)

CK 40.15+1.95
XY 40— 1277 Rl 511 46.25+2.29"

8.35+0.62
11.26+1.23™

7.06+0.39
7.68+0.32"

285.71£3.53
293.64+3.46™

W *{R P<0.05, **FRK/ARP<0.01, ***F/RP<0.001,

2.6.3 st T HMRENIHL TG0

m6nT A, #EFI30 dELEFXY40- 1277l
AFNA A F 2 i A AL A B (CAT) . 2 e
fi(POD) , H AL SOD) T 173514 85.56 |

95.21, 33.66 pg/g, HETCKR , W _EMDA)
LT CKM . X R R TR XY 40— LEFERIAK
FIAE AT AR A PR TE M, AT
PERRR AR .

R6  XY40-1EFMRFLEBEFEHABCAT, POD. SODEMHKMDAR £
Table 6 CAT, POD, SOD and MDA in eggplant seedlings treated with XY40-1 suspension seed coating agent

AbEn CATHE M/ (ng g ™) PODIE M/ (ug g™ SODE M/ (ug'g™) MDA % &#/(nmol-g ")
CK 53.43+5.95 70.88+7.96 16.10 +£5.46 3.12+0.86
XY40- 1= A 85.56+9.19" 95.21+8.26" 33.66+1.64" 1.88+0.24

H: *{R P<0.05, **FRKRP<0.01,
2.7  EHRXYA0-1BF FAGH X A F 18 SUR RN IR
=PIRAR
HFHERI30 dfS BB GAEL0R . HERTAIHI,

PRXY 401 K77 A A S A A BRI A TR .
ERHE F R TCKAY, SCKHE, kR
40.42%, FRETRBIFT38.26%. HHEX Y4015 77
AT 5 27% A ik - W% - 19 El 5] 14 B 9 R T
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Table 7 Greenhouse control efficacy of strain XY40-1 suspension

seed coating agent against eggplant phomopsis blight

fb3m R REREY% Bt g
CK (78.3342.89)a (27.0042.65)a  [EIH

XY40-12IFFIART]  (46.67+2.89)b  (16.67+1.63)b  Hdi
27% K[k BEH (45.00£5.00)b  (16.00£3.61)b  HHi

o FIFIAS R PR FR AL R R 1) 25 5 Gei T3 X (P<0.05).
3 Wit

TICA 0 245 300 %) I A ASOT 8 75 A8 49 A= A A A
s T N 2 A AR e, T LS SE AR~ BTG
NP FEEERT, Fh A A 25 it e 3= 22 1)
FBrz 28, Ay AR B A ol Ar - i A5
TEAEH AR R AR | BRI TS YL A I A 29300,
PG AR, RE L 2 TR 25 (1]
IR ZEAE TR B FLIE , K LT 5T (14 TR SR A ) ot
MARFRGIR R, BERh A 2F e Wi K mifR i 2
FERRAG TR, DI A P o s 2 #E A B,
AT T DS 2R AT R X Y40 1837 M BL Ty,
DLt Rl ey 4, 0 A AR 5 S 4 A S T
WMo ERER, BERXY40-12IF AT 70
TR AR PrAEREYE . MRS
P DA S B, DR RCR ] B
R, RINZFAHIA B TR E AR LT, Tt
BIARICR .

PVPREEA F RGP R G, H
BRI RTE . RGREDT . o HLEETT . WRFfTRE DT,
HICHEERRMY, AR B2, AR AR B
JEEF], BEREA AT i A . B RTR 2808
XIRhF 1 & HAA — IRE R, TPVPXTFhF
B & S A/ N HL v R A7 . PQQREMEIE HE 241 i
HYAE A B3R A 34, [] Aot 2 H 2 A 4 TR IR A
AT FB51, 1 pmol/L PQQALFE AL BEAE i7E D1 3¢
WP AT R R, IR R AT AR R
ARG . S OEEFL T PR A R A M i
Prisrk, DTRG0 I A R B0, A
FEFRM, MPQQIE A ¥ RGN AE A AT H o H BT,
50 nmol/Li FH R 248 Sl F AP+ & 2F 8

KR, HIL AT WPQQTEAE YR A I N F H HAT 5%
A

MR AR PO S i B AR, RAFN
HRZAROLTT LA S5 . Al R R ] i
HRIEAR R A K B SR e AR TE b,
HVEY A KB, R A= 4l S i 2o A AR B oA
Bk A = E P 23R AL 7 7 089 DL 3 254t
FFRRE P A2 I 2 R IAA) S8k A, 2 BEfEY A&
KSR K FUA, ARWFFE XY 4018017 FiA
A RES AL A AR | MR R R RS AR AR
(ARG T, DT 84 560 v B 60 % 40 1 W A g
SOD. POD, CAT., MDA ZHIYIMAR N T 235 M A i
WM, FEAEAIHTRG R 2 & 1 AR ),
TERRFET R 2GR L M1« 35A0XY 4012 PR R A
FIXF A FAARANER, REHE AT AP A LB G Pk
SRR BT 1 S Pt B HETZR AT AR
— BN RN — | B EREYST | RS
2R, TR DL S SE AT R A AR BL
PR T LA SR A DS 2F AT B8 2 77 Al AR 9 1]
il IR A AR E R RO, dE—2 A
AR AR B 5 120

4 ZEp

AW R, DU AT T XY 40187
AKFNAEL T - AR BEIREN1.5% | HEiH-80 2.0% .
2% SRR 8.0% . AEFLIN0.5% . L 154.0%
FHN0.16% . —HIKEREIN0.2% . B 2 BEi6% |
B A £10.4% . PQQUK S0 nmol/L, LA L Jy 1l
XY 40— 1B PR R ARG TR 442.5%10° cfu/mL,
R EIRPRIIFT & E A, & — ARG
FEhh e FEIREIE FRRREHREF, KU1 358
PATY e o A B i L 2 L O O
THT364.77%, KIFHRIER T13.49%, HHHEES
T67.43%, XTBEURAHIEIT I MIESR T, kR
11£40.42% , 95 B BUR#1138.26% , T EFIXY40-1
FRIEFIACRIXT i F B SO AT B SOR o

EE P E
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